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SAVTRAEEVCIN 


SECTION  I 
lETROHJCTION 

■ftv#  eoojuoalcal  prodiiotlon  of  hollcopt^r  fl*ilatori  !•  •  coirl«i  prob- 
is  whloh  «zp«rieno«  not  as  vlda9pr««d  as  Is  ths  flxad^^visa  flsld.  Tba 
■iMilation  of  saall  parturbation  raaetlon  as  practioad  hallcoptar  Miiu- 
faotiirars  maj  ba  mifflciant  for  thair  porposas,  but  it  is  ii^ssibls  to 
axtand  thla  approach  to  tha  unrastriotad  oasa  vlt^oat  gross  laodlf ioations. 

As  a  aattar  of  history,  thaaa  Brilif loatlons  tppaarad  to  ba  of  rooh  aagnl- 
tuda  that  prior  to  tha  daslg;n  of  tha  first  full  flight  ragiJH  haliooptar 
trainar  (Drrloa  2F?li,  H-37A  Hallooptar)  Us'' par,  Inc.  scrngtht  a  aora  ana¬ 
lytical  sohaaa  for  tha  axprassions  of  hallooptar  flight.  Tha  inrastifation 
took  fall  adrantaga  of  aarliar  aortc  parforaad  at  KACA  and  rarious  othar 
institutions  and  aganoias.  As  a  rasult  of  this  affort  tha  Modlfiad  SLada 
Elaaant  Approach  vas  daTalop>ad  and  vas  furthar  axpandad  and  ifl|3roTad  during 
tha  dsrralopaant  of  tha  R8flU2  WST,  Csrloa  2T6U*  Forthar  artanaions  and 
•isplifioations  of  tha  taalml(|ua  vara  than  applied  to  tha  RRB-1  OFT. 

DsTlca  2r75.  Tha  aquationa  utiliaad  ly  tha  Hodifiad  BOada  Elajaint  approach 
arc  dvralopad  in  rafaranoa  1. 

A  rarlaty  of  aonroaa  hara,  in  tha  past  sstabliahad  orltaria  for  ths 
aalaotlon  of  oosprutar  oo^ponants  and  systaas  for  aircraft  aiJBilation* 

Thslr  diagnosis  has  baan  thorongh  and  wallHistabllahad.  Mark  B.  Connally 
In  Coi^ratars  for  Aircraft  Slaalation,  Report  7591-R-2,  damlopad  nndar 
OKR  Contraota  15  orl-07895  and  N61339-U5,  prodacad  a  raaarkabla  praaanta- 
tion  of  analog  compnXmr  ooia>onont  analysis,  lo  attaspt  will  ba  mda  hara 
tc  rapaat  or  laprora  on  tha-  analysis.  Rafaranoas  will  ba  aada  to  Mr. 
Connally' s  raport  and  in  plaoas  Injaotions  of  praotioal  eonsidarations 
and  rariatioBS  Ijgsoaad  by  tha  ehoaan  aathod  of  hallooptar  aisnlation 
will  ba  aada  which  inflnenoa  ohoioae  of  coepuvor  coaponants.  After  a 
reriev  of  oosfnitar  coaponants,  tha  ohosan  coaponants  will  ba  aaployad 
in  tha  siaalatioB  task. 


1 


NiVnurEVCEN  :  205-3 
SECTION  II 

ASPECTS  OOVERMINO  THE  CHOICE  OF  THE  ANALOG  COMPUTER 

nils  ToluM  vill  prsMnt  reoosmndations  derlrsd  froa  the  sta^jr  of 
the  sijsuljttion  equatlona  as  set  forth  in  Voluass  I  sxid  II.  The  reco»- 
aendstlonar  eire  intended  as  a  guide  to  the  selection  of  an  optiasia  analof 
■eclianlsation  for  the  single  rotor  helicopter,  tandea  rotor  helicopter, 
and  tilt  -vlng  sinulation  equations.  No  atteaqit  will  be  aade  here  to 
preser^t  an  anai^sla  of  analog  computer  characteristics.  Sufficient  stud^ 
reports  exist  that  adequately  present  the  details  of  analog  computer 
tecbiiiquas,  and  reference  vill  be  aade  to  these  reports  In  support  of 
certain  technique  selections  in  the  optialsetion  of  the  aechanlsations. 

In  the  selection  of  a  coaster  type  to  be  used  for  aircraft  slmla- 
tlon  purposes  there  are  eereral  factors  that  aust  be  considered  to  arrlre 
at  an  optiaua  selection.  The  optima  coiqputer  must  hare,  first  of  all,  a 
asane  of  eoanunication  In  order  to  accept  input  data  which  describes  the 
elmlation  problem  and  defines  ths  aircraft  operaticnal  charactsrlstics. 
Secondly,  the  simlatlon  equations  which  dsscrlbe  ths  problea  parsasters 
mst  be  able  to  be  siigilifled  to  the  extent  required  by  the  problea 
accuracy  and  still  be  expressed  in  the  eaohlne  language <>  A  third  con¬ 
sideration  Is  the  need  for  ooagmter  flesd-bility  In  order  to  accept  the 
entietpated  aircraft  manufacturers  design  changes.  The  coiqputational 
sequence,  dictated  by  the  optiMus  use  of  conponents  and  the  type  of 
computer,  is  a  fourth  point  of  consideration.  The  fifth  and  most  la- 
portant  factor  is  the  choice  of  carrier  to  be  used  in  the  computer. 

A.  AIRCRAFT  EITA  CONVERSION  POR  USE  IN  THE  COMPUTER 

Considering  the  first  point  mentioned  abors,  it  has  been  the  writer's 
experience  that  ths  aircraft  data  supplied  ly  the  aircraft  aanufecturers 
is,  of  necessity,  enpirlcal  in  ztature.  For  instance,  the  coefficient  of 
lift  rersus  angle  of  attack  eurres  for  rotor  airfoils  are  plots  of  wind 
t'onnel  esplrlcal  data.  Since  this  data  is  predoalnar.tly  empirical  and 
presented  in  the  form  of  smooth  curses  as  functions  of  one  or  two  raria- 
blss,  the  introduction  end  storege  of  these  functions  Is  particularly 
suited  to  enalog  function  generetion  techniques. 

These  te(^nlques,  as  the  reader  well  knows,  are  manifested  in 
sereral  different  foras  such  as  tapped  or  shaped  potentiometers  or  some 
form  of  electronic  function  generators,  such  as  dioda  fxuiction  genera> 
tors.  These  techniques  usually  produce  straight  line  approximations  of 
ths  desired  function.  The  accuracy  of  the  epprcxlmation  is  deterained 
by  the  mimber  of  break  points  selected  during  tho  design. 

The  person  selecting  the  asthod  of  function  generation  to  use  in 
the  computer  should  take  into  consideration  the  required  simlatlon 
accuracy  and  flexibility  of  the  chosen  method  as  aell  as  cost  considera¬ 
tions.  The  present  state-of-the-art  (reference  k)  provides  the  servo 
potentiometer  ss  the  most  economical  means  of  generating  8low''y  varying 
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%  fnnetlont,  Ilk*  th«  maro^yniMie  fanotions  inquired  in  OF/WBT'*.  Ih* 

•leetronic  Mthods  prorid*  a  nor*  aoourat*  and  flaxibl*  aothod  but  at  a 
hi|^«r  coBt. 

Hi*  optlnon  eholc*  of  ftmotlon  ganaration  r*coa*Bnd*d  for  th*  Y/STOL 
simlatlon  than  is  th*  Borro  potantlonotor.  Bine*  this  Is  th*  nost  *eoBO»> 
leal  anthod  and  prorldaB  sufflelont  aoeurac^  for  the  doslred  sianlatlon* 
Ono*  th*  choice  haa  been  aad*  to  nee  potentioMters  th*  data  comrarBloa 
aspaetB  do  not  bear  angr  furthar  on  th*  choice  of  th*  coi^mtor  since 
potentioBwters  are  equally  uaefol  in  either  an  AC  or  DC  carrier  computer. 

B.  SIMPLICITT  OF  SIMUUTION  iqOATIOlB 

The  anchanliatlon  of  unabridged  equations  of  notion  for  an  OFT  vill 
produce  a  needless  superfluity  of  equipnent  that  is  eoagsletelj  out  of 
proportion  to  the  anount  required  to  proride  adequate  training.  Conse¬ 
quently  it  is  highly  deairable  to  aiapllfy  th*  equations  of  siaulation 
to  the  ertent  that  an  optiaui  balance  exists  betneen  th*  infomation 
supplied  by  the  equations  and  th*  infomation  required  for  training  pur¬ 
poses.  For  instance,  in  Volum  I  (reference  1)  equations  5-25a,  b,  shd  c 
glTs  th*  eoi^)lete  expressions  for  reloclties  in  the  Z  body  axes  as 


-  Wgq)  dt 

♦  -  U^r)  dt* 

♦  ’Jgqi  -  VqP)  dt 


In  order  to  slBg>lify  th*  «aq>res8ions  and  proride  a  less  coi^>l*x 
■eohanlsation  it  was  noted  that  17^  is  usually  the  predoninantly  large 

veloeitF*  Consequently  the  contributions  of  the  7^  and  cross-> 

coupling  teres  aay  b*  oeitted  girlng  the  final  expressionB 

Ug  •  y(-“  -  g  Bln  e)  dt 

Vg  -  ♦  g  cos  e  sin  ♦  -  O^r)  dt 

Wg  •  yT~  ♦  g  cos  e  cos  ♦  ♦  ^gOj) 

as  giren  by  5-26  of  Yoluee  I. 


yt-J  -  g  sin  e  ♦  V-r 


% 


Vg  -  yX-i  ♦  g  cos  e  sin  ♦ 
"i 

Wg  ■  A-t:  e  g  cos  0  cos  ♦ 
"l 


% 
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Althooffa  this  ili^llfloatlon  do«8  «lt«r  th8  ralldltgr  of  th«  «zprt8> 
•ions.  th«  orror*  oAused  In  th«  final  valoeitioa  aro  Mgligibla  and  not 
datootabl*  \3^  th«  stndont  and  oonsaqaantijr  th*  aaM  training  Talu*  ia 
obtainad  with  laaa  hardwara  than  if  tha  alJaplifioation  had  not  baan  nada. 
In  thia  aannar,  tha  balanea  batwaan  inpat  and  output  infomation  ia 
aohiarad. 

Iha  axtant  of  aiaalation  raquirad  ty  tha  trainar  apaeifieationa  ia 
tha  liwiting  factor  that  oontrola  tha  axtant  of  ai^>lifieation  of  tha 
aiaulation  aquations.  In  ganaral^  tha  hardwara  radnetion  baara  a  dlraet 
proportion  to  tha  anount  of  simplification  of  tha  sinulation  aquations. 
Consaqnantly,  tha  aimplifioation  of  tha  aquations  does  not  iafluanca  tha 
ohoioa  of  tha  eoagnitar  but  only  raduoas  tha  eoaq>laxlty  of  tha  final 
■aohanisation. 

C.  OOMPOTER  FimBILITT 

Tha  flexibility  of  a  oo^nitar  is  tha  aaaa  with  which  tha  eoimnitar 
can  ba  raprogramBad  to  parfom  a  diffarant  co^mtatlon.  In  tha  daslgn 
of  OP/InT's  tha  procuring  aganey  uaoally  daslras  tha  daralopmnt  of  tha 
trainar  to  ba  parfox*nad  concurrantlj  with  tha  daralopnant  of  tha  aircraft 
baing  aimlatad.  Thia  naeassitataa  a  close  liaison  with  tha  aircraft 
■amifacturar  in  order  to  keep  abreast  of  design  changes  raquirad  during 
tha  aircraft  daralopnant.  Conaaquantly,  tha  design  of  tha  OF/VSt  nust 
incloda  a  eonaidaratlon  of  tha  flexibility  of  tha  aalaetad  coaster  in 
order  that  alrfraaa  design  changes  maj  ba  quickly  and  affielantly  in¬ 
corporated  into  tha  Of  Ain  design. 

Portonataly  tha  ehangaa  nada  by  tha  sirfreaa  aamtfaoturars  are 
asnally  alii^t  aodifioationa  to  tha  nnaarioal  functions  describing  tha 
aarodpuBicfly  >QOh  as  tha  coefficients  of  lift  and  drag.  In  an  analog 
ooapatar  these  functions  are  fonsad  by  tapped  or  shaped  potantloaatars 
on  tha  rarious  serro  diafts.  A  change  in  these  constants  would  result 
in  07/WST  aodlflcation  to  tha  associated  potantloaatars  and  asqplifier 
gain  adjustaents.  If  as  in  section  IIU  the  ehoioa  is  aada  to  use 
potantionetars  as  function  genarators,  no  flexibility  adrantage  is 
realised  in  either  an  AC  or  SC  carrier  eoaputar.  Consaquantly,  tha 
flaxlhility  consideration  does  not  affect  tha  cholca  of  analog  computer 
for  tha  0F/^^8T. 

S.  OOMPUTATION&L  SEOmERCE 

Tha  saquanoa  foreed  by  tha  interconnection  of  tha 

computational  alaMonts  directly  affects  tha  optisun  use  of  eoaponanta 
no  Better  what  type  of  commtar  is  aalaetad  for  tha  OP/AfBT.  This  is 
obriously  true  if  ona  consider  a  tha  result  of  foraing  a  eoi^tational 
•equanca  without  regard  to  optiisui  component  use.  For  •xam>la,  tha 
expression  for  tha  H83-2  landing  gear  pitching  aoaants  ia  giran  in 
Voluaa  I  as 


-  h.38(F^  ♦  Fy,)  -  13.99  F^  ♦  5.36 
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This  could  be  nechenlied  by  first  forming  ♦  Fj^^)  as  the  output  of 
a  euaning  aapUfier  and  then  ecaling  li.38  (F^^^  ♦  F^)  at  the  input  of  a 
second  OTMrtng  amplifier  which  suns  U.38  (Fj^  ♦  Fj.^)  with  -18.99  F^  * 
5.36  Obriously  the  optinun  sequence  that  should  be  used  here  Is  to 

scale  1.38  and  I4.38  separately  into  a  single  suaiBlng  amplifier 
with  -18.99  ♦  5.36  and  thus  eliminate  one  sumnlng  aaplif ier, 

Uhila  this  is  an  extremely  obrlous  example  it  does  illustrate  the  ralue 
of  sequence  considerations  for  coqoonent  optlsdsation. 

Coiqmtatlonal  sequence  also  affects  the  extent  of  similation  achiewa- 
ble  with  a  g'lwen  coiqsuter.  Since  a  finite  response  time  is  inherent  in 
each  indiridual  eongnitational  element,  the  accuoulatire  response  time  of 
a  complete  computational  loop  must  be  matched  to  the  response  times  of  the 
aystem  being  simulated  if  a  realistic  simulation  is  to  bo  achiered.  For 
example,  the  tandem^otor  helicopter  reeponee  is  such  that  a  1.58 

inch  st^  Input  of  longitudinal  forward  stick  deflection  will  produce  a 
pitch  acceleration  of  21^  degrees  psr  second^,  and  the  time  to 
reach  this  acceleration  is  0.33  seconds  after  initiation  of  the 

stick  deflection.  If  the  simulator  is  to  present  a  realistic  simulation 
of  this  computational  loop  the  pitch  rata  serro,  q^,  must  exhibit  at 

least  the  response  indicated  abore.  If  a  similar  step  iiqmt  to  the  longi¬ 
tudinal  stick  la  applied  to  the  simulator.  This  will  certainly  occur  if 
tha  oo^mtational  sequence  is  arranged  to  minimise  the  computational 
elements  and  the  response  times  of  the  q.  integrator  shaft  is  sealed  to 
produce  the  required  loop  response. 

Thus,  it  is  evident  the  computational  sequence  is  an  extremely  im¬ 
portant  aspect  as  far  as  obtaining  a  minlmn  coag>onent  quantity  for  an 
optlBim  response  match.  However,  it  has  re^y  little  bearing  on  an 
optimum  choice  of  computer  type,  aa  an  AC  or  DC  carrier. 

E.  CHOICE  OF  CARRIER 

The  choice  of  the  carrier  to  be  used  for  a  particular  simulation 
computer  design  is  by  far  the  most  important  aspect  to  be  considered 
In  the  selection  of  an  optimum  computer.  There  are  three  possible 
solutions  that  bo  decided  upon.  They  are,  namely,  an  AC  carrier, 
a  DC  carrier  or  a  hybrid  AC-DC  combination.  One  additional  decision 
imxBt  be  made  in  the  erent  an  AC  carrier  is  to  be  used,  and  that  is  the 
frequency  of  the  AC  carrier. 

Let  us  first  consider  the  AC  carrier  coi^mter  and  decide  which 
frequency  is  best  suited  for  application  in  V/STOL  aircraft  simulation. 

The  most  stringent  requirement  of  the  coiqniter  ie  the  response  charac¬ 
teristics  dictated  by  the  angular  rates  and  aoeelerations  of  the  air¬ 
craft  to  be  simulated.  Table  1  is  a  oo^;>arlson  of  maximum  rates  and 
accelerations  of  fixed  wing  and  helicopter  type  aircraft.  The  fixed 
wing  aircraft  values  are  taken  from  the  KIT-Ittiirlvlnd  and  the  Ooodyear- 
Cyclone  program  (pages  17U-175,  reference  h).  The  helicopter  angular 
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rat«a  and  «ec«laratlon8  ar«  tho8«  used  in  tha  HSS-2  flight  tr8la8r  axul 
tho8e  fumiflhed  to  Nalpar  ty  Vartol  DiTl8ion  of  Booing  ilrortft  for  th# 
CHU6^  flight  trainer.  It  Is  eaallj  seen  that  there  is  a  great  differ* 
enee  in  the  marlaai  response  capabilities  of  the  fixed  ving  aircraft 
and  the  helicopters  chosen.  Likewise  there  is  a  eariatlon  in  the  oo^m- 
tational  speed  requireaent  of  flight  siailator  eoi^mters  for  halicoptw 
and  fixed  wing  aircraft. 

Assunlng  that  the  response  of  a  60  cycle  system  is  marginal  in 
fixed  wing  applications,  it  can  be  seen  in  Table  1  that  a  60  cycle 
aystea  is  better  than  siBg>ly  marginal  for  helicopter  simulation  since 
none  of  the  helicopter  angular  rates  and  accelerations  in  Table  1  are 
as  large  as  the  fixed  wing  rates  and  aocelerations.  Note  that 

r  and  f  are  not  too  different  from  helicopter  to  fixed  wing,  howerer 

there  is  a  narked  difference  in  p  and  The  required  coi^tational 

speed  is  based  on  the  highest  single  rate  and  aooeleration,  l.e*  roll 
rate  aivl  roll  aoceleratlon  for  the  fixed  wing  aircraft. 

Chapter  H,  page  25  of  reference  U  glTee  an  analysis  of  aerro  systems 
and  concludes  that  UOO  qrcle  serros  should  result  in  a  serro  response 
that  is  three  to  four  times  better  than  is  possible  with  a  oo^arebla  60 
cycle  system.  This  is  quite  true,  an.  one  nay  wonder  why  bother  with  60 
cycle  systems  if  UOO  cycle  systems  ol'fer  such  IsgiroTement  in  response  as 
well  as  aceuracT  and  sise.  Both  large  and  small  eojismters  hare  saocess* 
folly  utilised  UOO  (^cle  sfstems.  For  exanple,  operational  airborne 
computers  are  predominantly  UOO  cycle  systems,  also  large  operational 
shipboard  fire  control  systems  operate  from  a  UOO  <^le  carrier.  If  such 
systems  are  dereloped,  then  why  should  flight  trainer  aanafaoturere  be 
hesitant  to  discard  t  60  cycle  carrier  system?  Unlike  the  manufacturer 
of  operational  tactical  aysteme  the  flight  trainer  manufacturer  doea  not 
darelop  flight  tralnara  with  weight  and  siaa  reduetlona  aa  a  prima  daaign 
goal.  Neither  does  the  prototype  aerre  slsply  as  a  production  model. 

Iftiat  argument  then  can  induce  e  simulator  manufacturer  to  discard  aa 
operational  k)  cycle  system  to  derelop  UOO  cycle  systems  with  little 
hope  of  operational  ii[g>roTement7  Before  discussing  this  dsrrelopmsnt 
consider  another  point  before  the  problem  is  considered  from  a  broad 
viewpoint.  Suppose  the  oeee  ariaee  where  the  carrier  syttam  employed 
introdueae  radncad  fidelity  into  the  system  at  maxlmam  aoclarationa,  but 
operates  at  a  sufficiently  high  response  to  follow  eatiafaetorily  the 
higheet  aocelerations  or  rates  that  one  would  normally  expect— which  miy 
be  quite  different  from  the  maximum.  Coipared  to  other  aapeote  of  the 
trainer  how  Important  is  maxianm  fidelity  in  this  extrema  operating 
region?  These  regions  are  moat  often  resMhed  just  before  a  crash 
situation  oocure.  Very  little,  if  aigr,  actual  training  la  aooosg>liahed 
at  the  extreme  operation  region  of  the  aircraft.  Ragardlaaa  of  the  im- 
portanoa  of  high^  acourata  aimulation  in  theaa  areas,  the  deoiaiona 
eoneaming  the  oholca  of  oarrier  frequanoy  are  baaed  on  a  balance  of 
performance  and  cost. 

Progresaii^  from  the  earlier  aasoi^tion  that  the  reapoaae  of  aithar 
a  60  or  UOO  cycle  system  ie  srufficiant  for  helicopter  eiaulation,  bmt 
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that  a  UOO  cycle  carrier  offers  a  greater  response  margin  of  safety, 
consider  sons  other  factors  that  a/fect  the  choice  of  carrier  frequency. 
Factors  influencing  carrier  frequency  choice  are  listed  on  pages  26  and 
27  of  reference  b.  The  statements  contained  in  reference  U  are  rery 
true  but  the  injection  of  sons  practical  considerations  nay  lead  to  a 
more  selectlre  choice  of  carrier  frequency.  The  seren  factors  which 
follcsr  are  similar  to  those  listed  in  reference  h. 

1.  60  cycle  power  is  widely  arailable;  UOO  cycle  power  must  be 
generated  at  the  OFT  in  kilowatt  quantities  and  in  sons  cases,  with 
undlstorted  wareshape  and  carefully  controlled  phase. 

2.  A  UOO  cps  carrier  produces  a  ssutller  And  lighter  wei^t  computer. 
This,  of  oo\irse,  is  the  primary  reasoning  behind  the  adoption  of  a  UOO 
cps  carrier  for  airborne  and  ^Ipboard  equipment,  but  is  seldom  hij^ly 
influential  in  flight  trainer  design  unless  Bpkce  for  some  special  reason 
is  at  a  prendum. 

3.  The  problem  of  phase  shift  (due  to  stray  capacitance  and  in¬ 
ductance)  and  pickup  is  more  likely  to  occur  in  a  UOO  cps  qystem  than 
in  a  60  cps  system.  As  reference  U  points  out,  pickup  may  be  eliminat¬ 
ed  by  proper  engineering  precautions  such  as  the  maintenance  of  low 
drirlng  impedance  levels,  shielding,  and  careful  placement  of  wiring. 

This  sounds  eagy  to  aeco^llsh,  but  the  consideration  of  the  practical 
aspects  of  the  accoaplishinnt  may  be  enlightening.  We  must  remember 
that  OFT  prototype  developsisnt  periods  are  commonly  16  to  18  mon':hs,  and 
the  present  trend  Is  toward  fixed-price  contracts.  Shielding,  for  ex¬ 
ample,  should  be  avoided  whenever  possible  for  a  number  of  reasons. 

First,  shielded  vires  produce  as  many  maintenance  troubles  (which  lead 
to  an  increase  of  computer  cost  with  no  increase  in  design)  as  ary  other 
single  factor,  particularly  in  the  course  of  prototype  debugging,  where 
wiring  is  constantly  being  flexed.  The  ferrules  at  the  end  of  each 
shielded  wire  cut  through  the  insulation  shorting  the  conductor  to  the 
shield  and  consequently  to  ground.  Each  time  this  occurs,  the  trainer 

is  turned  off  and  check-out  halts.  Conponents  are  also  lost,  particularly 
potentiometers  where  the  wiper  becomes  grounded  due  to  a  fault  in  the 
shielded  cable.  Shielded  cable  is  also  costly,  bulky,  stiff  and  general¬ 
ly  veiy  difficult  to  work  with  particularly  in  large  quantities.  Another 
point  to  consider  here  is  the  difficulty  of  simultaneously  reducing  strsy 
capacitance  and  using  shielded  cable.  Available  shielded  cable  has  a 
capacitance  of  approximately  100>r/(f  per  foot.  Extremely  long  cable  runs 
are  soMtimes  necessary  especially  in  two  trailer  trainers.  If  these 
cable  runs  are  shielded  then  uuffer  amplifiers  sust  be  used  to  reduce 
the  source  ii^^edance  sufficiently  to  minimi se  phase  shift.  High  im¬ 
pedance  wire-wound  potentiometers  also  produce  conditions  (high  source 
iipedance  and  hi^  inductance)  which  leads  to  further  phase  shift. 

U.  The  fact  that  most  aircraft  instruments  utilize  a  UOO  cycle 
carrier  is  of  no  consequence  since  a  UOO  cycle  synchro  transmitter  may 
be  driven  by  a  servo  operating  on  ary  desirable  carrier.  With  the 
present  trend  of  reducing  OFE,  instruments  are  generally  built  to  any 
carrier  apse if led  by  the  contractor. 
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5»  Inpllfler  design  for  a  UOO  cps  system  will  be  sin^ler  In  that 
the  lower  sideband  con^ponent  of  any  reasonable  signal  does  not  approach 
aero  fre^ency  as  it  nay  in  the  case  of  a  60  cps  astern*  Particularly  in 
the  ease  of  transistorized  an^jllfiers,  a  UOO  cycle  center  frequency  is 
easier  and  cheaper  to  obtain  than  a  60  cycle  raidfrequency. 

6.  Tachoaeters  to  .03^  linearity  as  discussed  in  reference  U  are 
rery  expensive  and  greatly  exceed  the  requirenents  of  present-day  train¬ 
ing  derices.  Tachometer  linearities  in  the  order  of  1$  with  lero  speed 
voltages  as  low  as  9  millivolts  are  much  more  common.  These  may  be  man 
cheaply  obtained  either  as  It 00  or  60  cps  units. 

7.  The  seventh  factor  discussed  in  reference  h  states  the  advantages 
of  using  naignotic  anplifiers  to  reduce  the  power  and  maintenance  require¬ 
ments,  The  following  reductions  were  realized  in  a  study  hy  Goodyear 
Aircraft  Coii^>aoy:  number  of  tubes— 51,  power  consuB^stion— 56.251, 
size— It6^.  Since  the  advantage  may  be  realized  only  while  enplqying  a 
UOO  cycle  carrier,  it  is  inplied  that  this  is  an  advantage  that  should  be 
credited  to  a  UOO  cps  carrier.  A  good  deal  of  these  advantages  are 
dependent  upon  the  size  and  characteristics  of  the  tube  type  an^llflers. 
'Riere  is  also  the  unanswered  question  as  to  whether  or  not  a  conversion 

to  transistor  circuitry  would  not  have  produced  equivalent  or  larger 
reductions  of  maintenance  and  power  consumption. 

It  is  recooDoended  then  from  the  above  that  if  an  AC  conqputer  is 
selected  for  the  V/STOL  mechanization  a  60  cycle  system  should  be  chosen. 
While  it  is  true  that  a  UOO  cycle  qystera  would  provide  a  definite  advan¬ 
tage  in  response  and  acctiracy,  it  is  felt  that  these  advantages  are  over¬ 
shadowed  by  the  reduced  response  requirements  of  the  V/STOL  aircraft 
frequencies.  Also  the  de-enf'hasis  of  computer  size  restrictions  in 
simulators  and  the  maintenance  and  phase  shift  problems  introduced  by 
UOO  cycle  carrier  further  enhance  the  60  cycle  carrier  choice. 

Having  selected  the  frequency  of  the  carrier  in  the  event  that  an 
AC  coiqniter  is  chosen  the  choice  must  now  be  made  between  an  AC  carrier, 
a  DC  carrier,  or  an  AC-DC  hybrid  coimniter.  First,  lot  us  make  a  coJpa:’5.- 
son  between  AC  and  DC  computers  on  the  basis  of  the  various  conputational 
techniques.  Reference  U  gives  an  excellent  discuesion  of  the  relative 
merits  of  AC  and  DC  techniquss,  A  summary  of  sach  of  the  discussions 
is  presented  here  in  support  of  the  choice  between  AC  and  DC  conqmitere 
for  the  V/STOL  mechamizatlon. 

1.  AMPLIFICATION.  Amplifiers  occur  in  very  large  quantities  in 
OF/VST  analog  coi^niters  due  to  the  fact  that  they  are  used  in  ao  maiy 
different  applications,  such  as  isolation,  susnatlon,  servo  motor  drive, 
inversion,  etc.  Consequently,  the  AC  amplifier  is  afforded  a  large  ad¬ 
vantage  over  the  DC  amplifier  in  quantity  required  for  a  given  awchani- 
zation,  since  the  AC  amplifier  can  produce  both  polarity  outputs  by 
virtue  of  its  center-tapped  output  transformer.  The  DC  coi^mter  requiree 
two  separate  amplifiers  whenever  both  signal  polarities  are  required. 

Also.  DC  a]q:)lifiers  have  an  inherent  drift  problem  and  require  a  special 
consideration  in  the  design  to  insure  that  adequate  regulation  is 
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prorldtd  far  the  power  ouppllee.  This  is  not  required  during  the  design 
of  the  AC  ooeputer.  Cue  also  to  the  drift  problem,  CC  anpliflers  ere 
usoallj  acre  oooplez,  since  stebilisetlon  elrouits  ere  required.  The 
onlj  edrantage  of  the  CC  aapli/ier  over  the  AC  aayilifier  is  its  abilitj 
to  form  rarioas  transfer  functions  bj  the  use  of  passiTe  network.  Conse- 
qoentlj,  the  adrantage  definiteljf  lies  with  the  AC  computer  as  far  as 
amplification  la  conoemed. 

2.  IIVTEORATION.  SC  electronic  integration  techniques  hare  several 
decided  adrsutagea  orrer  AC  serro  integration  eethods.  The  CC  tedi- 
nlque  can  Integrate  att<di  hi^er  frequent  signals,  have  a  much  hl^er 
^(fnaade  range,  have  a  saoother  output,  cost  less  and  require  leas  space 
and  power.  One  feature,  however,  prevents  then  from  being  suited  to 
GT/^nr  application.  That  is  their  inabilitgr  to  perf  ore  long  tere  open 
loop  inte^T*tiona  as  is  required  In  the  integration  of  the  Euler  angle 
deriTatlves  for  instance.  This  application  requires  an  angular  output 
of  unlinitad  range  which  can  onlj  be  obtained  with  servo  integrators. 
Wille  a  CC  servo  Integrator  can  be  used  a  SC  tachoneter  is  required  to 
provide  a  response  better  than  an  AC  servo  Integrator.  TTnfortunataTj, 
this  Inereaees  starting  and  running  fk^iotion.  As  far  as  integration 
techniques  are  concerned  then  AC  servo  Integrators  are  sGLight^j  more 
desirable  for  the  V/8T0L  mechanisation. 

3.  WtriFIlCkTlon,  No  advantatt  lies  with  either  AC  or  CC  systems  in 
perfomiiv  mnltiplloatlon  operations,  since  nothing  can  eoi^Mte  economl- 
caUj  or  from  the  standpoint  of  vereatllitgr  with  the  servo  potentiometer. 

U.  TSICWNURETRIC  IB9CISTI0N.  The  use  of  AC  resolvers  for  coordinate 
resolntlon  as  opposed  to  sine-cosine  potentiometers  provides  greater 
aecuraor#  greater  xusolutlon,  longer  life,  and  less  friction.  If  the 
poorer  conformanoe  of  sine-coslna  potentiometers  to  the  tjrf.gononetrie 
foaetions  can  be  tolerated  then  trigonometric  resolution  can  be  aooonh> 
pliahed  In  an  AC  gf stem  more  eoonomioall7  using  potentlopmters  rather 
than  resolvers.  This  can  be  seen  b^  conslderi^  that  both  the  re¬ 
solver  and  the  potentiometers  require  two  input  aiKS  two  output  aspli- 
flers.  Even  though  lt*s  true  that  the  summing  of  ooaponsnts  takes 
place  intemallj  in  the  resolver,  the  potentiometer  outputs  can  be 
summed  in  the  suooeeding  input  aim»liflars.  The  AC  techniques  dafi- 
nitelj  have  the  advantage  here. 

5.  FUNCTION  GUDOOtATIGN.  Soonomioallj  and  veraatilitir-vise  thd*  serve 
potentiometer  has  the  advantage  here.  Consequentlj,  AC  or  CC  ajrstems 
are  equally  optiwua  since  potentiometers  can  be  used  in  either  system. 

On  the  basis  of  the  merits  of  the  co^pwtix^  techniques  described 
above  it  appears  that  the  AC  carrier  computer  would  have  the  advan¬ 
tage  over  the  DC  carrier  coqpater  in  the  mechaalsation  of  the  V/8T0L 
aircraft.  In  all  of  the  areas  discussed,  except  function  generation 
and  multiplication,  the  AC  methods  would  appear  to  be  the  more  optimum. 

In  the  mechanisation  of  some  of  the  supersonic  fixed  wing  aircraft, 
where  the  signal  frequencies  that  would  be  encountered  were  espeeted 
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to  be  much  higher  thtm  one  or  two  cyclea,  eoae  of  the  hybrid  methods  of 
DC  integration  followed  by  an  AC  position  afcaft  or  DC  electronic  function 
generation  might  be  more  applicable.  In  general,  it  has  been  the  experi¬ 
ence  of  the  writer  that  if  the  requirements  of  the  simulation  problem 
are  such  that  either  an  AC  or  DC  carrier  con^mter  is  adequate  to  perform 
the  simulation,  then  the  only  thing  that  is  achleTed  by  combining  AC  and 
DC  techniques  Is  additional  equipment.  Ihls  additional  equipment  is 
required  to  make  up  the  AC-DC  Interface. 

It  is  therefore  reconnended,  on  the  basis  of  examination  of  the 
writs  of  the  rarious  techniques,  that  the  optimum  mechanisation  for 
the  V/STOL  aircraft  would  be  a  60  cycle  AC  conputer.  Section  III  will 
examine  the  mschanlsationo  in  detail  from  the  standpoint  of  optlanM 
sequence  and  optimum  cost  and  conplexity. 
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SECTION  III  I 

MECHANIZATION  OF  EQUATIONS  OF  MOTION 
A.  GENERAL  MECHANIZATION 

This  section  deals  with  the  nechanlzation  of  the  equations  of  notion 
for  helicopter  and  7/STOL  aircraft.  The  mechanisations  of  these  aircraft 
will  reflect  the  use  of  60  cps  AC,  UOO  cps  AC,  DC  and  possible  AC-KJ  hybrid 
carrier  frequencies,  howerer  the  flow  charts  In  this  section  are  dereloped 
for  an  AC  mechanisation  with  explanation  of  additions  or  deletions  to 
these  flow  charts  that  are  necessary  to  form  flow  charts  for  DC  and  AC-DC 
mechanisations.  To  aid  in  this  extenslTe  task  a  general  flow  chart  Inde¬ 
pendent  of  aircraft  type  and  applicable  to  either  helicopter  or  V/STOL 
aircraft  Is  dereloped.  In  Figure  1  areas  of  mechanization  are  the  blocks 
containing  a  bracketed  number  l.e.  (1).  The  second  task  Is  then  to  derelop 
the  blocks  In  Figure  1  that  are  dependent  upon  the  particular  aircraft  type. 

This  leads  to  the  helicopter  and  7/STOL  mechanisations.  Tabulations  of  the 
rarlous  cos^nents  necessary  to  mechanise  the  rarious  blocks  In  Figure  1  will 
be  made  as  a  function  of  AC  or  K  mechanisation  so  that  conclusions  regarding 
optimum  medianlBatlon  can  be  made  In  Section  17. 

Before  dereloplng  the  blocks  in  Figure  1  that  hare  Identical  repre¬ 
sentation  for  any  aircraft  In  this  section,  a  few  ground  rules  will  be 
established.  Ii^ts  to  a  block  are  described  by  arrow  heads  intersecting 
the  blocks  and  outputs  are  defined  as  lines  Intersecting  a  block.  Table  2 
contains  definitions  of  numbered  blocks  in  Figure  1  and  Table  3  establishes 
the  meaning  of  the  sywbolB  In  the  mechanisation  flow  charts.  In  the  actual 
mechanisation  all  Inputs  for  a  particular  flow  chart  are  assumed  to  be 
prerlously  generated.  Each  block  In  Figure  1  will  be  considered  In  the 
following  paragraphs. 

Block  (1)  -  Pilot  Control.  The  signal  Inputs  that  will  be  shown 
for  the  rarious  aircraft  will  he  due  to  control  stick  morements.  The 
particular  signal  liqsuts  will  be  obserred  as  Inputs  to  Block  CU)  for  each 
aircraft  described.  Inputs  to  Block  (2)  are  not  considered. 

Block  (2)  -  Engine  Slnsilatlon.  The  signal  Inputs  to  Block  (U)  from 
the  Engine  Miulation  represent  the  required  performance  output  parameters. 

Simulation  of  engines  Is  not  described  in  this  report;  only  the  specific 
output  terms  necessary  for  the  simulation  of  the  particular  aircraft. 

Block  (3)  Aero  7arlablee.  The  aerodfnamlo  (Aero)  yarlables  are 
generated  ty  a^E^al*  ihat  conqplete  the  major  loop  In  the  coaputer  repre¬ 
senting  the  aircraft  equations  of  motion.  Block  (6)  for  the  7/8T0L  air¬ 
craft  and  Block  (12h)  for  the  helicopters  feedback  the  reloeitles  U,  7  and 
V  to  Block  (3).  Blo^  (10)  or  Block  (12)  feed  back  the  pressure  altitude 
(hp)  to  Hloek  (3). 

Block  (U)  Aero  Terms.  In  this  block  the  aerodjmamio  equations  are 
formaJ^ai  iHil  result  In  the  generation  of  the  aerodynamle  forces  (X  , 
aad  Z^)  a<»ents  (L^,  and  R^}.  The  mechanisation  representing 
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Figure  1*  (jeneral  Block  DlAgrsm 


Blocks  (1)  to  (9)  and  (11)  Blocks  (10),  (12),  (12h) ,  (13),  (I3h) ,  (Ih) 

Solid  Line  - V/STOL  and  Solid  Line  — •  is  V/STOL 

Helicopter  Dotted  Line  is  Helicopter 
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BLOCK 

RSLIOOPTSL 

V/STOL  AIRCRAFT 

(1) 

Pilot  Control 

Pilot  Control 

(2) 

SiJMilatlon 

Ssgine  Siaulation 

(3) 

A«ro(!trn**lc  V«rlabl«s 

Atrtkbnoaaio  Variables 

Cll) 

Aaroc^rnaxlc  Torna 

AerodFnaaio  Taras 

C5) 

Fore*  Suamtiono 

Force  Suaaationa 

C6) 

Gontar  of  Qnritj  (e,g») 
Maaa,  Inertia 

Canter  of  QraTlt!r  (e.g,) 
Hass,  Intaria 

(7) 

Hoaent  Soanationa 

Hoaent  Rinaations 

(8) 

Linear  Valocitiaa 

Linear  Valocitiaa 

(9) 

Angnlar  Rataa 

Angnlar  Rates 

(10) 

Fom  Earth  Azia 

T'aloeltiaa 

RasolTa  Linear  Velocities 
to  Inertial  Velocities 

(11) 

Fomatiob  of 

Baler  Anglaa 

Foraation  of 

Bnlar  Angles 

(12) 

SuasatioB  of  Vind  and 
Aircraft  Inertial  Velocities 

(12h) 

Soanation  of  Wind 
and  3ck^  AxIm,  True  or 
Oroond  Valoeitiea 

MM* 

(13) 

— 

Wind  Inputs  froa 

Instructor 

(13h) 

Basolution  of  Vlid 

Inputs  to  Body  Axes 

— 

(U) 

Instructor  Input 

Instructor  Input 

T«bl«  2,  fHoek  TieraLaologr 
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A 

B 


C  - 


A+B+C 


Suim^jfig  Amrllfier 


Ainplifler  and  Position  Servo 


♦A- 


yTO(t)^H(t)4j(t)]dt 

— -®© 

♦A9 


Amplifier  and  Integrating  Servo 


Potentlameter 


1 


Resolver 


i 


Sine-Cosine  Potentiometer 
(Various  signs  of  cos  9  and  sin  9 
can  result  depending  on  initial 
wiper  orientation) 

Ground 

Function 


Table  3.  Symbols  Used  In  Mechanitation 
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th«  k»TO  terms  vlll  be  ehavn  for  each  particular  aircraft  further  on  In 
this  aectloR. 

Block  (5)  Force.  Die  force  suasaatlons  are  basically  the  sans  for  all 
aircraft.  Each  force  component  (Z^,  and  Z^)  has  an  assoolatad  sunning 

aapllfisr.  Tbe  irqsuts  fron  Block  (It)  are  the  lig>ortant  portion  of  the 
nschaQlsation. 

Hloek  (6)  Mass.  C.G.  Mass  (K)  and  center  of  grarity  (c.g.)  loca¬ 
tion  are  obtained  as  serro  shaft  positions.  This  nschanisatlon  InrolTss 
sisg)]e  sunnation.  In  Figure  2  notice  that  the  feedback  potentionster  is 
connected  for  dirlsion  operation  for  nass  nschanisatlon.  The  shaft  posi¬ 
tion  Is  then  an  Inverse  function  (1).  This  is  done  to  scroid  the  sealing 

a 

coHputations  required  for  potentionster  dlrlslons  sines  N  is  used  as  a 
dirlsor  In  its  associated  equations.  Shift  In  c.g.  In  Figure  2  is  along 
the  x-bod^  axis  and  is  denoted  by  dx.  Usually  c.g.  shifts  along  the 
x-body  are  the  only  shifts  considered,  hoverer  if  a  c.g.  shift  in  the  y 
or  s  body  axis  Is  Inportant  for  a  particular  aircraft,  it  will  be  nsntion- 
ed  at  that  tins. 

Block  (7)  ^nent.  The  nonent  sunatlons  are  basically  the  sane  for 
all  aircraft,  tach  nunent  coiq>onent  (L^,  N^,  N^)  has  an  associated 

stoBRlng  ai^)llfisr.  The  inputs  fron  Block  (U)  are  the  ljg>ortant  portion 
of  the  aschanlsation. 

Block  (8)  Velocit^s.  In  blodk  (8)  the  Interest  is  in  dsrreloplng 
the  linear  <^iocitie8  CU,  F  and  W).  These  are  ooigmted  by  suning  the 
respectlre  force  (Z,  I  or  Z)  dirldsd  by  the  nass  of  the  aircraft  with 
the  appropriate  grarity  and  angular  rate  effects  and  then  integrating. 
Figure  3  shows  the  three  integrations  to  get  with 

associated  iignits.  Serro  shaft  positions  are  not  required  to  nschanlse 
these  relooities  but  since  Figure  3  is  for  an  AC  nschaniaatlon,  sarro 
shafts  are  required  for  the  integrators.  The  lntS|Mtione  could  hare 
been  dons  DC  just  as  well  and  nore  econonloally.  Choice  of  AC  or  DC 
should  not  be  mule  at  the  subgystea  lerel— but  for  large  computation 
areas.  This  vlll  be  done  in  the  suvary. 

BO-oek  (9)  Arytlar  Rates.  Haring  ooaputed  the  aoasnts  in  BLock  (7), 
the  calculation  or  the  respectlre  angular  rate  (p,  q.,  or  r)  is  aooo»> 
pliahed  by  the  integration  of  the  respectlre  aoasnt  Miieh  has  been 
dirided  by  the  proper  inertia  tern.  Integrations  can  be  perfomad  by 
AC  serro,  DC  serro  or  DC  resistire  capacitance  circuits.  Blocks  CU) 
and  (7)  are  the  important  deterelnants  as  to  whether  to  use  AC  or  DC 
in  aschanlsation.  Consequently,  the  dsrelopasnt  of  Aero  Terns  as  well 
as  the  sunaary  sMchanisatlon  considerations  of  Section  HI  will  hare  a 
dscisire  influence  on  the  way  in  which  the  Integration  is  perfomsd. 
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^asic 

"1  ^Ti 
"2  ‘‘“'STo 


^Basic 

KM^ 

n,  I 

1  xxsT^ 

n^I 

2  xxcT 


-dn 


‘Bas ic 


'■ST-, 


STo 


-KiM^ 


fwd 


aft 


Ref 


Ref 


”1  “  "Basic  ^  "f  ^  ^  "2"sTj 


Where: 


**  ”^asic 


-  d 


Basic 


(iy  ■  dz  ■  0 


K  Mj.  n,  I. 


♦  Ad 


♦  Ad 


"ST, 


ST, 


I  -  Const,  I 

yy 


K  ■  distance  from  c.g 

to  centroid  of 

^  ^ST2 

fuel  mass 

M  -  Mass 

^"f,  ,  ^  ''2"f 
fwd  aft 

Subs: 

Basic  •  based  on 

desl^  weight 

■  Const. 

empty 

and 


fvd 


aft 


Ad^  due  to  mass  of  fuel 
forward  and  aft,  respectively 


or  •  number  of 
stores  of 
Type  1  or  2 

ST,  ,  STp  ■  stores, 

Type  1  or  2 


Fi^^ure  2.  Center  of  firavity  (c.p.) 
Mass,  and  Inertia 
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KLook  (10)  R»aolT»  to  Iniartl«l,  Bo^jr  axis  Tslocltles  (U,  V,  W)  for 

▼/STCL  Alreraft  ar«  rssolrsd  to  the  inertiel  fraae  throu^  the  Euler 
singles  (9,  $,  f)  then  added  to  instructor  ii^ts  to  gire  the  earthbound 
rates.  For  the  helicopter,  ground  relocities  (Uq,  W^)  are  resoled 

la  BQLook  (10)  to  fora  earthbound  rates.  Figure  shows  an  optiana 
Mehaniaation  for  this  resolution.  Resolrers  bare  been  chosen  to  perfora 
the  coordinate  resolution  to  the  inertial  fraas  since  it  is  necessarr  to 
proride  the  aocuracT'  to  Insure  reliable  integration  for  position.  The 
integrators  in  Figure  U  aust  hare  the  capabilitgr  of  long  integration 
tiaes,  since  these  outputs  are  generally  used  for  plotting  boards  and 
altiaeters. 

Blo^  (11)  Euler  A^les.  The  coi^mtation  of  Euler  angles  is  a 
oodblnailon  of  coordinate ’resolution  and  integration.  Figure  5  is  an 
AC  aeehanisatlon  using  resolrers  and  AC  serros  for  integration.  Figure  6 
is  a  IC  aeehanisation  using  DC  ajg)lifiers,  sine-cosine  potentloaeters  and 
DC  electronic  integrators  followed  tgr  DC  position  serros. 


AC 

DC 

Gomx)nent 

No. 

Wt. 

No. 

Wt. 

Aanlifier 

7 

7 

12 

2U 

Serro 

3 

21 

3 

21 

S-C  Pots 

2 

1/2 

U 

1 

Besolrere 

1 

Cowlexitr 

13 

29 

19 

U6 

Table  U.  Euler  Angle  Tabulation 


The  weight  factor,  (Wt.)  of  eoiMnents,  in  Table  U  are  those  need 
bj  Connelly  in  references  3  and  U.  The  wei^ting  of  components  will  be 
used  for  later  eraluation  of  asdianiaatlons.  The  wel^t  factors  are  as 
follows:  an  AC  amplifier  is  one  (l),  a  DC  ai^Ufier  is  two  (2),  AC  and 
DC  serros  are  seren  (7),  a  potentioMter  is  one-fourth  (lA),  e  resolrer 
is  one<half  (1/2)  and  fwctlon  seneration  is  unspecified  as  to  weight, 
but  is  specified  by  nuaber  (no.).  Axgr  function  generation  is  assuaed 
to  be  done  by  potentloaeters  which  would  be  equal  in  nuaber  in  an  AC  or 
DC  systea. 

Block  (12)  F/STOL  point  inertial  relocities 

Uj ,  Vj  and  rtte  of  cliab  (R/C;  ure  aixed  with  instructor  wind  inputs 

(^  and  £^)  to  yield  the  earthbound  rates  (N,  i,  R/C).  This  is  a  simple 

process  and  consequently  requires  two  susadng  aim>llfier8. 


IS 


(V/STOL) 


NAVTRADEVCEN 


I 


o 


'“I 

A. 


05-3 


Nichaniiatlon 


SIN  ♦  ♦  r  C06 
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6.  Suler  AhkIm  DC  NBchanlsttion 
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Block  (l2h)  Helicopter  Velocity  In  the  helicopter  elailfttlon  the 
▼elocity  outpute  (Uq,  Wq)  from  Mock  (8)  ere  svuHed  with  the  wind 

Telooltiee  (U^,  ¥^,  fro*  the  instructor  in  order  to  gire  body 

Teloclties  in  the  air  mss  (U,  V,  W).  This  operation  is  a  sii^le  suMing 
process  and  coiuiequently  requires  three  enwHring  a^sUflers.  This  suning 
is  done  in  Figure  7  bgr  ai^lifiers  (7-2),  (7-3),  and  (7-4*).  Howwrer,  If 
IC  eoBfmtation  is  used,  a  senro  is  Indicated  for  V  and  both  signs  are 
necessazy  for  tJ  and  7  so  that  two  eore  amplifiers  are  needed  for  generat¬ 
ing  (+7,  -7  and  +11,  -U), 

Block  (13)  Wind.  Hiese  are  slaplj  signal  inputs  from  the  instruc¬ 
tor  so  that  no  equipment  is  specified. 

Block  (1^)  Reso^tlon.  In  Block  (13h)  instructor  inputs  repre- 

eentlng  wind  dui^ciion  (4^^)  and  Telocity  (i^)  are  transformed  to  comsonents 

and  for  the  helicopter  simulation.  In  the  AC  msehanisation  of 
Figure  7,Vy  Input  to  am>lifler  (7-1).  the  use  of  a  sine-cosine 

(S-C)  potentiometer  and  resolwers,  the  Teloclties  TJ^,  7^  and  are  ob¬ 
tained.  Figure  8  is  the  DC  representation  of  Figure  7. 


AC 

_ DC _ 

Component 

Ho. 

wt. 

'mm 

Wt. 

_ AMlifW _ 

6 

6 

wm 

28 

mpflsiliiiiii' 

1 

—2 _ 

1 

7 

8-C  Pots 

1 

6 

mmm 

■m 

■■1 

Table  5.  Wind  Resolution  Tabulation 


Table  5  is  a  comparison  of  the  AC  and  DC  mechanisations  of  equations 
shown  in  Figures  7  and  8. 

BOLo^  (li*)  Instructor’s  Inputs.  These  inputs  are  signals  controlled 
hF  poisDilomsi^s  ai  the  insiruetor's  console.  There  is  no  associated 
equipasnt  for  this  operation.  This  is  the  last  block  to  be  considered  in 
Figure  1.  The  next  task  is  to  consider  mechanisation  of  specific  aircraft 
of  which  the  single  rotor  helicopter  will  be  the  first. 
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♦U 

-U 


•  ’'w  COS  •  COS  (v-  ♦  180®) 

►Vji,  •  ''w[siN  •  SIN  0005  (y  -  ♦  180°)  ♦COS*  SIN  ♦  180°)j 

»  V  [sin  •COS0COS(  tlBO®)  ♦  SIN  •SIN  (y-y^  ♦  180®)J 


Figure  7  Velocity  Summufion  ond  Wind  Resolution  AC  Mechanization 
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figui'e  0,  Velocity  Surnmatlon  end 
Wind  Resolution  T)C  Mechenizatinn 
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Wind  blows  from  heading  (true)  afy^ft./sec, 
®W  •  (-)l(J^oa  e  coa(ir  -  ♦  180°) 

e  sin  4>  cos(!r  -  ♦  180°) 


-  cos  *  8in(f  -  H. 


♦  180°)J 


■  (“)y^  ^In  0  cos  ♦  co8(f  -  ♦  180°) 

♦  sin  sinCir  -  ♦  180°)J 


U  -  ♦  Uj, 


V  .  Vg  ♦ 


w  -  W„  ♦ 


b*«w 


Figure  8.  (Cont'd.)  Velocity  Sunfflctlon 
end  Wind  Resolution  CC  Mechenlxetlon 
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B.  HKLICOPTER  MBCHINIZATION 


Hechanl*Jitlon»  for  two  helicopters  ere  considered — the  single  rotor 
helicopter  represented  by  the  HSS-2  and  the  tandem  rotor  helicopter  repre* 
aented  tj  the  The  major  portion  of  the  awichaniiation  discussed 

is  for  the  single  rotor  eqxistions  of  motion.  In  Volume  I  of  this  report 
CNiVTRlEBVCEN  1205-1)  it  was  shown  that  the  tandem  rotor  could  be  Simula* - 
ed  by  considering  one  rotor  as  a  function  of  the  other  rotor — that  is  to 
Htj  that  a  single  rotor  simulation  is  sofficient  for  the  tandem  rotor 
simulation. 


1.  SINGLE  ROTOR  HEUCOPTER.  Figure  9  is  a  block  diagram  for  the  HS8-2, 
Bsrice  2Fi6li,  single  rotor  helicopter  which  is  sii4ilar  to  Figure  1.  Again 
each  block  in  the  flow  diagram  will  be  considered  separately.  On  each 
mechanisation  dr  wing  are  the  applicable  equations  From  Section  VI. 
Mechanisation  drawings  are  for  10  carrier  except  in  a  few  oases  whsre  it 
was  necessary  to  include  SC  mechanisations  for  the  sake  of  clarity.  Theme 
drawings  msy  be  used  for  60  or  UOO  cycle  1C  as  well  as  DC  with  slight 
modification.  Ea<h  block  in  Figure  9  will  now  be  considered  and  the 
mechanisations  discussed  with  regard  to  optimisation.  Dafinltions  of 
helicopter  symbols  are  outlined  in  Section  VI .1.1. 


SLs^lJIL 

^s* 


puts 
these  terms 


Pilot  Control.  Block  (1)  of 
a  result  of  control 

are  contained  in  Section  TI. 


Figure  9  produom:;  the  out- 
morement.  Dafinltions  of 


Block  (2)  Engi^  Slylatlon.  Block  (2)  of  outputs 

ths  torques  On)  ths  two  snglnss  in  ths  HSS-2.  These  are 

considered  as  arallsbls  signals  slnos  no  sngine  simulation  is  oonsidermd 
hsre. 


Hlook  (3)  lero  Vyiahlss.  Ths  1C  meohmnisation  of  HLoek  (3)  of 
Flgurs  9  is  mown  in  Vlgure  lb.  Equations  6^1,  ^2,  ^6  and  6b82  are 
msi  hsTi1  fed  to  produce  'Uie  outputs  <x,  P  ,  qf/^i  ond  V.  .  The 

'  meSLD 


msohanlsation  of  W 


is  included  in  Figure  10  since  it  is  directly 


related  to  the  generation  of  the  aero^jmamic  Tariables.  1  literal 
step-ty-step  discussion  of  Figure  10  will  now  be  giren.  This  will  not 
be  done  for  mauy  of  the  remaining  draaringe  since  the  methods  of  mmohml- 
sations  in  Figure  10  are  repeated  throughout  the  report,  and  such  a 
continuous  literal  discussion  when  the  equations  are  on  each  drsvimg 
each  Utmi  in  the  drawing  is  labeled  would  be  laboidLeas,  redundant 
and  difficult  to  read. 


In  Figure  10  is  formed  by  dlrlding  main  rotor  lift  ormr  air 

^mean 


density  ^  total  relocity  of  the  helicopter  (V^). 

signal  !■«  into  a  ssrro  aiqsllfler  idierehy  W. 


This 

is 


ganarated  by  a  serro  shaft.  is  used  as  position  feedbaok  and  ths 

mean 

rate  feedback  is 


VELOCITY  (121 
SUMMATION 


ANGULAR 

RATES 

(9) 


EULER 

ANGLES 

(11) 
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•5.l|  •  .  4®  4  arc  TAH  W-f  )  *(W) 

u 


5.2  A  •  ARC  TAN  rT~~. - m-  o 

I  Vu* ‘I"-* 

S»j  Vt  .  Vu*4vJ4j^j,Ri.^,,,wj2 

I  •-MR 

5  m|  V  *vJ 


Figure  ICt  Aerodynamic  Variables  AC  Mechanization 
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\ 


la  fbraed  next  in  Flyura  10.  A  function  of  rartical  Ttloel'^, 

-f(V)y  la  dafnaloped  firat.  Tbla  la  than  BiltipUad  bgr  a  function  of 
to  glra  -f(V)f(W.  ).  Tha  funetlona  ara  ganaratad  hf  Aiqpad 

^an 

potantloaetara,  f^  and  fj.  Mart,  -f(W)f(W.  )  la  added  to  Tartieal 

wan 

ralocitgr,  W,  In  a  anaalng  ai^liflar  to  for*  tha  output  [W  -  f(V)f(Wj^^^)] 

idilch  la  than  fad  Into  tha  atator  vlndlng  of  a  raaolTar  on  tha  a  aarro 
ahaft.  Tha  other  atator  winding  of  tha  raaolwar  la  driwan  ty  the  heli* 
eoptar  forward  waloelty,  U,  throng  a  raaolrar  drlra  a^plifiar.  The  out¬ 
put  of  one  rotor  forma  tha  function  [¥  -  f(V)f(Vj^^^)3  eoa  a  -  U  aln  a 

idiidi  la  fad  to  aotor  aigillflar  of  tha  a  aarro  ahaft*  Now,  alnoa  output 
of  tha  raaolrar  la  the  drirlng  aoorca  of  tha  aarro  riiaft,  tha  aarro 
ahaft  will  eontinua  to  drlra  the  raaolrar  until  the  raaolrar  output  la 
aaro.  Uhan  thia  oeeura,  than 


[V  -  f(tf)f(V.  )]  008  a  -  U  sin  a  ■  0 

Sttan 


and 


[W  -  f(W)f(W.  )] 

5iSJ2.-  tan  o  -  _ 

COB  a  n 


If  the  raaolrar  la  seroad  such  that  (a  -  U^}  •  0  id>an  a  ■  than  aquation 
5.1  will  hare  bean  wohanltad,  [W  -  f(W)f(W.  )]  eoa  (o  -  U®)  - 

^  wan 

Q  aln  Co  -  U°)  will  be  Identically  equal  to  aaro  and  the  aarro  shaft  will 
fora  the  function  a.  Sinca  tha  shaft  of  tha  raaolrar  la  new  poaitlonad 
aatoaatleally  to  a  and  tha  raaolrar  is  aaroad  ao  that  its  ah^t  poal- 
tiona  to  Ca  ~  U®}  tha  reaainlng  rotor  winding  foras  tha  function 

U  coo  Co  -  li®)  ♦  [W  -  f  CV)f  1  aln  (a  -  li®),  whidi  la  easily  seen 

to  identically  aquaiyt^  ♦  [W  -  ^  ”**  conaldara  0 

and  tha  V  function  as  lags  of  a  right  triangla  and  tha  faypotanuaa  as 
the  auB  of  tha  projections  of  the  lags. as  shown  in  tha  sketch  below. 
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In  a  maner  sladlar  to  tha  abore  tha  halicoptar  ajdaward  valoclty, 


V,  and  ♦  [W  -  f(W)f(V^  )]^  ara  used  to  drlra  a  rasolrar  on  tba  P 


mean 


sarvo  ahai“t.  The  relat  ion  V  coa  P  -  aln  P  [U  coa  (a  -  h°)  *■  -  f(W)f 

.  'i  .  n.  .  V- 


(W 


mean 


)  I  aln  (a  -  U°) ^  is  uaed  to  drlre  the  aerro  ahaft  ao  that  the 


ahaft  poaltiona  to  the  an^^le  equal  to  p  and  eqxiation  6.2  la  nechanisad. 
The  remaining  rotor  output  la  coirrenientlj  found  to  be  the  helicopter 
total  Telocity,  V^,  aince  it  forma  the  aquare  root  of  the  aum  of  the 


aquarea  of  the  reaolrer  inputs  in  the  same  manner  as  the  a  raaolrer. 

Tha  output,  V^,  la  fad  to  a  motor  amplifier  to  drlTo  the  aerro  ahaft. 


Tha  last  mechaniaation  in  Figure  10  i  a  that  of  dynamic  pressure  (q). 
Initially,  functions  of  pressure  altitude  (h^)  are  fed  into  an  anplifler 

aa  air  denalty  (^)  to  form  a /’aerro.  A  /^aarro  ahaft  potentiometer 
wiper  output  ia  fad  into  a  buffer  amplifier  mhoae  output  drirea  a 
potentiometer  located  on  a  aerro  ahaft.  The  viper  output  of  thie 

potentiometer  ia/V^  which  ia  fed  into  a  buffer  a^sllfier  whose  output 

la  1/2  P  and  drirea  a  potentiometer  located  on  a  eerro  shaft. 

The  viper  output  of  this  potentiometer  ia  1/2  p  idiich  is  equal  to  q. 

In  turn,  q  ia  fed  into  an  ai^lifier  which  drirea  the  q  position  amrvo. 


DC  mechanisation  of  Figure  10  Irirolres  sine-cosine  potentiometers 
and  additional  aaqallfiers  for  buffer  and  sign  Inrerslon  purposes  to 
replace  resolvers.  If  resolrers  are  used  with  DC,  modulators  and  ds- 
KxJulators  would  be  necessary.  Thia  coi!?>onent  conplexity  la  due  to 
the  Interfacing  of  AC  and  DC  equipamnt.  Table  6  is  a  comparison  of  AC 
and  DC  cosponents. 


i  » 


i  I  i 


AC 

DC 

Conponent 

No. 

wt. 

No. 

wt. 

mni 

12 

12 

18 

36 

Servo 

6 

m 

6 

^ _ 

Potfi 

..5 

mm 

HB 

S-C  Pots 

■■ 

mm 

bHIh 

Resolvers 

2 

1 

Complexity 

Hi 

mam 

Table  6.  Aerodynamic  Variables  Single  Rotor  Helicopter 
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For  •ach  resolrer  in  the  AC  mechanlaation  twc  sine-rofiine  potentiometers 
and  three  additional  amplifiers  are  necessary  for  a  X  merfianlzation. 

Block  (Ij)  Afro  Terms.  The  AC  mechanlaation  of  Block  (h),  Fij^aire  9 
le  di^f^TO  into  three  parte — Tail  Rotor  Aeroc^yiiasrics,  Fuselage  Aero¬ 
dynamic  b  and  Main  Rotor  AerodynardcB. 

a.  Tail  Rotor  Aerodsnaaaiics,.  In  Flg[ure  11  is  ehown  tl»e  AC  mecJQafJ.*a- 
tion  of  the  tail  rotor  aq^ilons  (6^7  thrcufd’  6.17  and  6.26),  Tlie 
coiy>onent  tabulatiorj  is  In  Table  7,  A  literal  diBcuesion  would  be 
elnllar  to  that  of  ^ock  (3)  Aero  Variables,  Figure  10. 


L .  AC„_ 

DC 

Component 

Mo* 

wt. 

No. 

wt. 

Amplifier 

19 

25 

50 

Sarro 

7 

U9 

7 

_U9 

Pets 

8 

2 

■  3 

6 

2 

S-C  Pots 

h 

1 

Re solvere 

2 

1 

Function  (t) 
Oeneratlon 

10 

10 

Complexi  ty 

71 

102 

Table  7.  Tail  Rotor  AerodynaadCB 


The  function  generators  (f)  are  co^osed  of  potentioaeters  either  in 
AC  or  DC  aechaniiation.  It  is  conceivable  that  more  buffer  and  sign 
Inrersion  aiiq:>lif iers  uaj  be  necessary  to  achieve  function  generation 
for  the  DC  mechanization. 

b.  Fuwelage  Aeroc^rnamicB.  The  mechanization  of  fuselage  aero¬ 
dynamics  is  siaply  a  stumoing  operation  of  function  generator  outputs. 
Figure  12  is  the  reconnended  AC  mechanisation.  Hie  DC  nechardzation 
would  be  dependent  on  the  relationship  of  the  compvonents  with  the 
rwMl ndnr  of  the  mechanization,  howerer  DC  mechanization  should  be 
the  sane  as  that  shown  in  Figure  12,  Table  8  is  a  list  of  components 
showing  the  similarity  tPtween  a  DC  mechanl7.at If^n  ar<l  the  \C 
mechanization  )f  Figure  12, 


31 


^TR  • 

Qtr  "-(Cq^P  f  «Rt^(B  6  1 

Cq^P  •  0,0084  (  (Cf^^) 

•  0.0480  (  ( t  yp)  ♦  0  021 1  I  (  •  yp)  f  ( A )  ♦  633 
Up^P  •  (V.36  04  t  ♦  2  74  36  So 

A  •  0.194S  (  (G)  ♦  0.1790  (  (fyp) 

•  yR.TAN-'  [  (W*  36.06, ,)/u] 

O  •  U  SIM  .yR  -  (W  ♦  36.06,,)  COS  . 

8  TR  •  TAM-’  [  (V.36.06  r  ♦  2  74  p)/  /  U  ‘  *  (W  ♦  36.06,,)^  ] 

0  •  vAl^  ♦  (W  ♦36.06  q,)2  SIM  8yR-(V-36.06r  ♦  2,74p)CD5  Ayp 
Vyp  .  y ♦(V-36.06r  *  2.74(.)J ♦(W+36.06 
».  0.0564  Vypf  (Cy^^) 

•  ■  10.03  A  C*  4.8 


-p-7  Y  •  Cy.jpP  r2  73  025 


/ 


Fi^vrt  11.  Toil  Roror  Aerodynomics  AC  MochoniioliM 
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iC 

DC 

_  CoPiDonent 

No. 

wt. 

No. 

wt. 

Amplifier 

? 

.  .  5  . 

< 

5 

Pots 

ii/it 

1  i/k_ 

Conplexity 

6  lAi 

_ 

6  1/U 

Table  8,  Fuselage  Aero<tmamic8 


c.  Main  Rotor  Aeroctynawlcs,  TTie  main  rotor  aerotfynansics  mechani¬ 
zation  of  tke  blade  element  equations  involves  laore  computing  equipment 
than  that  required  to  generate  all  other  functions  in  the  mechanization 
of  the  equations  of  motion.  For  this  reason  the  main  rotor  aerodynamic 
mechanization  is  divided  into  several  smaller  mechanizations  to  facili¬ 
tate  discussion  and  insertion  in  the  report. 

Figure  13  is  a  sinplified  block  diagram  showing  the  interconnec¬ 
tion  and  function  flow  between  these  subsections. 

Cl)  Block  Cl)  ^cal  Vertical  Veloci^.  Consider  first  the 
mecHanlzailon  of  ^e  local  vertical  velocity.  Up  ,  in 

Y-y 

Block  Cl)  of  Figure  Ih.  Eighteen  Up  functions  of  both 

t-y 

polarities  must  be  developed  from  external  inputs  U,  V,  W, 

P  ^  internally  generated  feedback  inputs 

man 

•l»'  '>15  ""  This  involves  the  basic  operations  of 

potentiometer  multiplying  and  anpllfier  summing.  Since 
these  are  such  sisple  operations  the  optimization  decision 
is  entirely  decided  on  the  economics  and  conpleKitr  aspects. 

The  DC  mschanization  differs  from  the  AC  only  in  the  number 
of  anpUfiers  reqol.*ed  for  the  positive  and  negative  functions. 
The  DC  mechanization  required  36  anpllflers  instead  of  18. 

F^om  the  standpoint  of  econony  the  AC  mechanization  with  less 
aapllflers  seems  optimum.  Ihe  coaplexlty  of  the  equipment  is 
certainly  in  proportion  to  the  number  of  conponents.  Consult 
Table  9  for  tabulation  of  conponents. 


i 

f  _ 

DC 

Conponent 

No, 

wt. 

H 

ngmn 

18 

18 

H 

36 

—■ £atfi _ 

■n 

mm 

HI 

mm 

mm 

Table  9.  Local  Vertical  Velocity 
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(2)  Block  (2)  Tangential  Velocity.-  “Hie  tangential  rotor  Teloeltj, 
Aown  in  Hgui^  la  a  sum  of  functions  of  U,  V  andfl  to 
obtain  the  18  blade  element  tangential  velocities,  U  . 

t-y 

since  succeeding  functions  are  fomed  by  taking  functions  of 
n.j.  ,  the  outputs  of  this  mechanisation  must  be  shaft  posl- 
t-y 

tlons.  Optimisation  of  this  mechanisation  Involves  the 
selection  of  function  generation  methods  to  form  the  functions 
of  Um  .  The  present  analog  state<>of-the-art  does  not  furnish 
S|r-y 

aigr  more  single  and  straightforward  method  than  padded 
potentiometers.  Hence,  since  sei^o  shafts  are  required  for 
the  potentiometers,  the  mechanisation  Is  equally  optlaum  by 
either  AC  or  DC  methods.  Table  10  Is  the  sussaary  of  component 
coiqplexity  derived  from  Figure  15* 


AC 

E 

C 

CoBSSonent 

No. 

Wt. 

No. 

Wt. 

AnDllfier 

18 

18 

18 

36 

- Seryfi - 

18 

^  126  _ 

wmmLmm 

126 

Complexity 

liUt 

162 

Table  10.  Tangential  Velocity 


(3) 


Block  (3)  Blade  Angle  of  AttaA.  The  sixteen  blade  element 
angles  of  attack,  required  as  shaft  posi¬ 

tions  to  form  functions  of  angle  of  attack  for  later  use. 

Also  each  Oj.  ..  is  &  function  of  U-  •  Then  the  meohanlsa- 

Vjr 


t-y 

tlon  In  Figure  16  follows  logically  since  U.  exists  as 

Vy 

a  shaft  position  and  It  Is  a  simple  procedure  to  divide 
two  functions  using  potentiometers.  Considering  the  AC 
mechanisation  shown  In  Figure  16  for  optimising  purposes 
It  can  be  seen  that  the  only  area  that  would  differ  sig¬ 
nificantly  from  a  DC  mechanisation  would  be  the  require¬ 
ment  of  positive  and  negative  functions  of  6^.  Hence  the 


DC  sMchanlsatlon  would  require  three  more  asg>llf lers  than 
the  AC  mechanisation.  Table  11  reflects  component  oo^slexlty 
of  Figure  16. 
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Figure  15  Tangential  Velocity  AC  Mechomiotion 
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AC 

DC 

Component 

No, 

Wt. 

No. 

Wt. 

Amplifier 

21 

21 

2h 

h8 

Servo 

Ifi 

126 

18 

126 

Pots 

21 

< 

r-t 

21 

5  lA 

Comnlexitv 

152  1/h 

179  lA 

Table  11,  Blade  Angle  of  Attack 


Block  (U)  Blade  Element  Flapping  Moment  and  L^t.  The  blade 
element  flapping  monieni  the  blade  element  lift  (L^) 

are  formed  from  the  sums  of  functions  of  ^  and  U,p  as 

can  be  seen  in  Figure  17.  Here  again  both  positive  and  nega¬ 
tive  output  functions  are  required  idiich  results  in  the  only 
difference  between  the  AC  and  DC  mechanizations.  In  this 
case  12  additional  amplifiers  are  required  in  the  EC  mechaniza¬ 
tion  to  give  both  signs  of  Mg  and  L. .  Table  12  reflects 

T 


con¥)onent  con?)le3city  of  Figure  17. 


AC 

DC 

Component 

No. 

wt. 

No, 

Wt. 

12 

12 

2ii 

2li 

m 

36 

IHBHHilil 

12 

2h 

Table  12,  Blade  Element  Flapping  Moment  and  Lift 


Flock  (^)  Blade  Element  Drag,  Figure  18  is  the  mechaniza- 
tion  of  the  b^ade  element  drag  computation.  This  mechaniza¬ 
tion  in  itself  can  be  equally  optimum  in  either  AC  or  DC 
methods.  This  is  evident  since  the  entire  mechanization  is 
simply  a  combination  of  potentiometer  function  generators  on 
servo  shafts. 

Block  (6)  Blade  Element  Drag  and  Main  Rotor  Torque.  The 
computation  of  blade  element  drag  and  main  rotor  torque  is 
the  same  type  of  summation  of  potentiometer  function  genera¬ 
tions  as  in  Figure  19,  Here  again  the  only  difference 
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Figure  17.  Blode  Element  Flopping  Moment  ond  Lift  AC  Mechanization 
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Figvf*  19  Blodt  El*««n»  Dtog  and  Mom  Roto*  To*qo#  AC  Mochon.ioiion 
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betmen  AC  and  DC  optiraun  mechanizations  is  the  number  of 
amplifiers  required  in  the  DC  mechanisation  to  provide  both 
positive  and  negative  functions.  There  are  9  anclifiers 
used  in  developing  blade  element  drag  and  main  rotor  torque 
in  Figure  19.  Plus  and  minus  functions  are  available  from 
each  of  these  9  anplifiers  for  the  AC  mechanization.  In 
order  to  do  the  mechanization  with  DC  components,  9  additional 
as^lifiers  are  necessary  for  sign  purposes.  Table  13  reflects 
the  conponent  coufilexity  of  Figure  19. 


AC 

DC 

Component 

wm 

Wt. 

No. 

BHH 

msm 

10 

10 

19 

38 

36 

36 

Complexitr 

10 

-i8 _ 

Table  13.  Blade  Element  I^ag  and  Main  Rotor  Torque 


(7)  Block  (7)  Flap  Ai^le  Coeffic^nt  and  Main  Roior  L^t.  Figure 
20  is  the  newanization  for  flap  angle  coefficients  and  main 
rotor  lift.  The  critical  area  in  the  optimization  considera¬ 
tion  is  the  requirement  of  positive  and  negative  a  .  DC 

methods  in  this  mechanization  require  1  additional  aiqplifier. 
Table  Ih  reflects  con^onent  complexity  of  Figure  20. 


AC 

DC 

Component 

No. 

Wt. 

No. 

Wt. 

Ajeslifler 

8 

___8 

9 

18 

Servo 

2 

Ui 

2 

Hi 

Pots 

6 

1  1/2 

6 

1  1/2 

Function  (f) 
Generation 

2 

« 

2 

CoBZ^lexlty 

23  1/2 

33  1/2 

Table  Hi.  Flap  Angle  Coefficients  and  Main  Rotor  Lift 

(8)  Block  (8)  Blade  Flap  Angle.  The  blade  flap  angle  confutation 
Is  the  difference  between  flap  angle  coefficients  to  form  the 
outputs  in  the  form  of  servo  diaft  positions.  It  is  seen 

in  Figure  21  that  this  mechanization  would  be  equivalent  in 
either  an  AC  or  a  DC  mechanization. 


m  <N  7 


@  © 
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C9)  Block  (9)  Rotor  Hub  Moments,  As  seen  in  Figure  22,  the  rotor 
hub  tnoments  are  funciions  of  tile  subb  of  functions  of  blede 
element  lift  fL^>,  rotor  anguler  velocity  P),  flapping  angle 

coefficients  b^^)  and  air  density  The  medianlsation 

is  a  sintple  straightforward  summation  of  functions  and  does 
not  req\:ire  a  positive  and  negative  output.  Consequently, 
this  method  would  also  be  equally  optimum  in  either  a  DC  or 
an  AC  system.  Table  l5  reflects  coB|>onent  con|>lexity  of 
Figure  22. 


AC 

DC 

Conconent 

No. 

I9H 

No. 

wt. 

BBHI 

U 

_ 

m 

8 

Pots 

6 

■■i 

6 

1 1-^ 

IBS 

■■ 

Table  15*  Rotor  Hub  Moments 


(10)  ^ock  (10)  RotOT  Forces  and  Angular  Velocity.  Figure  23  is 
i^e  mewanlzaiion  for  the  roior  forces.  %ere  is  no  area 
in  the  mechanization  that  will  cause  the  AC  to  differ  from 
the  DC  mechinlzation.  the  Integration  of  the  torque  summation 
to  obtain  rotor  angular  velocity  could  be  accomplished  by  an 
electronic  DC  integrator,  but  rotor  angular  velocity 
required  as  a  servo  shaft  position  for  multiplication  (pr). 

The  mechanization  as  shown  in  Figure  23  can  be  done  with  the 
earns  amount  of  equipment  in  either  a  DC  or  AC  system.  Table 
16  reflects  the  conqjonent  con^?lexlty  of  Figure  23. 


AC 

DC 

Coimx>nent 

No. 

Wt. 

No. 

wt. 

Anclifier 

3 

3 

3  . 

6 

Servo 

1 

7 

1 

7 

Pots 

10 

2  1/2 

10 

2  1/2 

12  1/2 

15  1/2 

Table  16.  Rotor  Forces  and  Angular  Velocity 


This  conDletes  the  rotor  aeroctfnanics.  The  discussion  will  continue 
with  Block  (5)  of  Figure  23. 
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Figure  22.  Rotor  Hub  Moments 
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Block  C5)  Force  2..  The  AC  neohaAlMtloa  of  Block  (5),  Figure 
is  shoNn  in  Figure  ili.  Equations  6^21,  ‘6.21*  and  6,2?  are  neohanieed  to 
gire  the  force  outputs  (X^,  Z^).  Table  17  reflects  the  eonponent 

coiig)lexit7  of  Figure  21*  . 


AC 

sc 

Comnonent 

BHI 

wm 

MU 

12 

12 

16 

16 

Servo 

S-C  Pots 

h 

■1 

Hi 

1 

■  CgffPlflgitar 

iia 

17 

Table  17*  Force  flu— ations 


Four  extra  anpliflers  are  neeessarx  for  ZX?  nschaniBation  so  that  bo^ 
signs  of  a  function  are  ayallable  for  op«retlon  of  the  slne-oosine 
potentiometers  in  Figure  2l4> 

Block  (6)  Mass,  c.g«  Block  (6)  of  Figore  9  Is  Bmehaniaed  as  in 
Section  III .A, 

Block  (7)  Moments  and  Block  (9)  Angular  Rates.  The  AC  aeohanl- 
zation  o/  Slo^s  and  (9)  Hguw  §  Is ‘%oim  la  Figure  25.  Iqaa- 
tions  6.30,  6.3l*  and  6*39  are  mechanised  to  gire  caputs  (L^,  N^) 

and  then  each  moment  is  integrated  after  dividing  bj  the  appropriate 
inertia  term  to  give  the  angular  rates  (p»9^»  r).  The  DC  neobanisa- 

tlon  Is  essentially  the  same  as  the  AC  msohanlaatlo’*. 

aocks  (8)  thro^  (liO*  These  blocks  of  Figure  9  have  been  dls- 
cussed  in  ISeciion  Tll.i.  fne  correspondence  beteeen  Figure  9  and 
Figure  1  is  as  follows: 

!n.ock  (8),  Figure  9  mechanised  by  Figure  3. 

FO-ock  CIO),  Figure  9  mechanised  ly  Figure  1*. 

Block  (11),  Figure  9  mechanised  by  Figure  5. 

Block  (12h),  Figure  9  mechanised  by  Figure  7. 

Block  (13h),  Figure  9  mechanised  by  Figure  7. 

Block  (Ih),  Figure  9  instructor  inputs  as  noted  in  Section  IIIJl. 

This  completes  the  mechanisation  of  the  single  rotor  helicopter. 
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Figurt  24.  Force  Summotior^t  AC  Mechanization 
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Siiimmry  Single  Rotor  Helicopter.  Figwe  1,  the  general  block  diagram 
of  the  equation  solution  oi"  the  single  rotor  helicopter,  has  been  develop¬ 
ed  block  by  block.  Table  18  is  a  tabulation  of  the  various  con?3onents 
(anplifier,  servo,  potentiometer,  sine~ccsine  potentiometer,  and  resolver) 
for  the  single  rotor  helicopter.  It  should  be  noted  that  items  specified 
as  functions  generated  in  the  mechanization  have  not  been  included  in 
Table  18  since  they  are  assumed  to  be  potentiometer  derived  and  the  same 
for  both  AC  and  DC  mechamizations.  In  order  to  compare  AC  and  DC  systems 
the  weight  factors  used  by  Mark  E.  Connelly  in  reference  U  are  applied  to 
the  totals  which  result  In  Table  18,  The  weights  resulting  from  each 
component  are  tabulated  in  Table  19.  The  summary  in  Table  19  gives  the 
complexity  of  the  single  rotor  helicopter  for  AC  and  DC  systems.  The 
AC  ^stem  has  a  coitplexity  of  751-3 A  versus  1106-1/2  for  the  DC  system. 
This  is  a  marked  difference.  The  difference  is  primarily  due  to  using 
a  weight  factor  of  two  (2)  for  the  DC  amplifier  and  one  (1)  for  the  AC 
amplifier. 


[  Anplifiers 

Servo 

mismm 

■iSSGSBil 

AC 

DC 

AC 

DC 

AC 

DC 

AC 

DC 

AC 

DC 

Block  (1) 

■ 

_ 1 

B 

Hi 

Hi 

Hi 

12 

18 

6 

6 

5 

5 

■1 

Hi 

2 

167 

52 

52 

-  7  -3 

73 

Hi 

m 

2 

■I 

16 

■1 

■1 

BIB9RSIH 

3 

3 

3 

3 

2 

2 

20 

20 

3 

3 

12 

12 

Block  (8) 

■1 

3 

3 

■1 

■1 

2 

2 

9 

15 

3 

3 

6 

2 

■1 

12 

m 

m 

2 

■1 

■1 

■1 

5 

■1 

■1 

1 

m 

6 

IH 

m 

■1 

■1 

B 

1 

6 

3 

HI 

— 

— 

— 

TOTAL 

19L 

275 

75 

75 

101, 

lOL 

9 

22 

— 

10 

Table  18.  Single  Rotor  Tabulation 
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AC 

DC 

No, 

Wt, 

No, 

Wt. 

Amplifier 

19U 

19U 

275 

550 

Servo 

75 

525 

75 

525 

Pot 

loU 

26 

lOh 

26 

Pots 

9 

1  3/h 

22 

5  1/2 

Resolver 

10 

5 

Complexity 

KkM. 

1106  1/2 

Table  19.  Single  Rotor  Svaninary 


Suppose  that  both  AC  and  DC  ^n^jliflers  both  have  weight  one  (1), 
then  the  DC  complexity  is  831-1/2  ^*ich  is  closer  lut  still  larger 
than  the  AC  complexity,  Thie  difference  (751-3 A  831-1/2)  is 

primarily  due  to  the  Increased  .umber  of  DC  amplifiers  necessary  to 
solve  the  mechanization  problen.  Consequently,  unless  DC  amplifiers 
can  b^'  redesigned  to  be  competitive  in  complexity  with  AC  amplifiers 
or  the  choice  for  a  DC  system  is  based  on  reasons  other  than  com¬ 
ponent  complexity,  the  AC  system  is  favored, 

2,  TANDIM  ROTOR  HELICOPTER,  The  mechanization  of  a  tandem  rotor 
helicopter  simulation  equations  can  be  accomplished  by  again 
considering  Figure  9  which  is  the  block  diagram  of  the  single  rotor 
helicopter.  The  difference  in  mechanization  between  single  and 
tandem  rotor  helicopters  is  contained  in  Block  (li)  Figure  9— the  aero¬ 
dynamic  terms.  The  aerodyriainic  terms  for  the  single  rotor  helicopter 
were  considered  in  t.hree  parts — tail  rotor  aerodynamics,  fuselage 
aerodynamic  and  main  rotor  aerodynardcs ,  For  the  mechanization  of  the 
tandem  rotor  the  aerodynamic  terms  are  in  two  parts— fuselage  aero¬ 
dynamics  and  rotor  aerodynamics.  In  reference  1  it  was  shown  that  the 
rotor  equations  of  motion  of  the  tandem  rotor  helicopter  could  be  de¬ 
veloped  by  using  a  set  of  equations  similar  to  the  single  rotor  heli¬ 
copter.  The  essence  of  this  development  in  reference  1  is  that 
equations  de-jcribing  the  main  rotor  of  the  single  rotor  helicopter  are 
used  to  describe  the  forward  rotor  of  the  tandem  rotor  helicopter.  Rear 
rotor  effects  in  the  tandem  rotor  helicopter  are  mechianized  by  ratios 
of  the  swash  plate  angles  of  front  and  rear  rotor.  Only  the  front 
rotor  is  simulated.  Since  this  is  an  overlap  tandem  rotor  helicopter 
(CH-Ii6A),  effects  rf  rotor  interference  are  also  mechanized. 

In  Section  VI,  equations  6,91  through  6,169  for  a  tandem  rotor 
helicopter— the  CKA6A  are  presented.  These  equations  are  directly 
analogous  to  equations  6-1  through  6-90  of  the  single  rotor  helicopter. 
Table  20  is  a  comparison  of  single  and  tandem  rotor  equations  and 
associated  figures  used  in  the  single  rotor  mechanization.  Table  20 
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Single  Rotor 
Equation  Nos. 

Mechanized 

by 

Figure (s) 

Conparable 
Tandem  Rotor 
Equation  Nos, 

Mechanized 

by 

Figure^a) 

Block  (1) 

N/A 

N/A 

N/A 

N/A 

Block  (2) 

.  n/a 

N/a  _  _ 

»/A  __  _ 

N/A 

Block  C3) 

6.1^  6.2,  6.6 

10 

6.91,  6.92,  6.95 
6.161 

10 

Block  (li) 

Tail  Rotor 

6.7  to  6.17, 

6.26 

11 

None 

N/A 

Fuselage 

6.U,  6.5,  6.33, 
6.38,  6.U1 

12 

6.9U,  6.93,  6.108 
6.112,  6.116 

12 

Aft  Rotor 

None 

N/A 

6.107,  6.111,  6.115, 
6.126,  6.129,  6.132, 
6.13U,  6.1U3,  6.11i5 

26, 

27 

Rotor 

(Main)  Rotor 

'  ■ 

(F^ont)  Rotor 

Block  (1) 

6.U5 

Hi 

6.119 

lii 

Block  (2) 

6.U4 

15 

6.118 

15 

Block  (3) 

6.U6,  6.U7,  6*U8 

16 

6.120,  6.121,  6.122 

16 

Block  (U) 

6.U9,  6.52 

17 

6.123,  6.127 

17 

Block  C5) 

6.58 

18 

6.136 

18 

Block  (6) 

6.50,  6.51,  6.51 

19 

6.121,  6.125,  6.130 

19 

Block  (7) 

6.53,  6.61,  6,62 
6.63 

20 

6.128,  6.139,  6.lJliO 

6.1Ja 

20 

Block  (8) 

6.59 

21 

6.137 

21 

Block  C9) 

6.6U,  6.65 

22 

6.lJi2,  6.1iiii 

22 

Block  (10) 

6.55,  6.56,  6.83 

23 

6.131,  6.133, 

(6.162) 

23 

28 

Block  (5) 

6.21,  t,.22,  6.23 
6.2U,  6.25,  6.27 
6.28.  6.29 

2li 

6.99,  6.100,  6.97 
6.101,  6.102 

6.103.  6.10li.  6.96 

21i 

Table  20.  Single  Rotor  -  Tandem  Rotor  Coiqsarlson 
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Single  Rotor 
Equation  Nos* 

Hschanised 

by 

Figure(s) 

Conq^arable 
Tandem  Rotor 
Equation  Nos, 

Mechanised 

by 

rigure(8) 

Block  (6) 

6.90 

2 

6.169 

2 

Block  (7) 
and  (9) 

6.30,  6.31,  6.32 
6.3li,  6.36,  6.37 
6.39,  6,h0,  6.U2 
6.1i3>  6.79,  6.80 
6.81 

25 

6.105,  6.106,  6.v8 
6.109,  6.110 

6.3 '3,  6.117 

6.158,  6.159,  6.160 

25 

Block  C8) 

6.67,  6.68,  6,69 

3 

6.U46,  6.Hi7,  6.12*8 

3 

Block  (10) 

6.70,  6.71,  6.72 
6.8U.  6.85.  6.86 

U 

msSSBiSlfBBS 

i* 

Block  (11) 

6.87,  6.88,  6,89 

5 

6.166,  6.167,  6.168 

Block  12h 
and  13h 

6,73,  6.7U,  6.75 
6,76.  6.77.  6.78 

7 

_ 

6.152,  6.153  ,  6.151* 
6.155.  6.156.  6.157 

7 

Block  (m) 

N/A 

■■1 

H/A 

N/A 

Tabl«  20.  Single  Rotor  -  Tendes  Rotor  Coag^arison  (Cont'd.) 
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thus  enab'as  the  identification  of  figuree  used  in  the  single  rotor 
mechanization  with  tandem  rotor  equations  and  a  oonseqoent  count  of 
electronic  con^onents.  Note  that  the  particular  ijqMts  to  som  of  the 
arq3lifier8  may  increase  or  decrease  in  the  tandea  rotor  helicopter  as 
conpared  to  the  single  rotor  but  the  ooaponeats  associated  vlth  the 
figures  listed  in  Table  20  will  be  the  ease* 

In  order  to  describe  the  aft  rotor,  a  few  additional  equations  are 
necessaiy.  The  additional  equations  needed  are  6<.107,  6.111,  6.115, 
6.126,  6.129,  6.132,  6.13U,  6,1h3  and  6*li>5.  Before  aeohaaisUBg  these 
eqv'atlons,  the  aft  rotor  swaeh  plate  angles  will  be  Mohaolted. 

The  swash  plate  angles  and  SIS  neohanlsatlon  considered  for  the 
tandem  helicopter  sisulation  is  an  addition  tor  the  rotor  aerodynawlos 
of  the  single  rotor  deriee.  In  this  ■sehaalaatlon  the  swash  plate 
angles  are  dereloped  in  order  that  aft  rotor  terms  are  written  as 
functions  of  forward  rotor  terms.  Figure  26  is  the  neehanisatlon  of 
these  functions.  Tho  DC  mechanisation  would  require  three  additional 
aopllfiers  bf  virtue  of  the  requirement  of  three  fonotions  of  both 
polarities.  Servo  integrators  are  used  to  obtain  the  delta  eeadh 
plate  functions.  A  DC  meehanisation  using  electronic  integrators  would 
require  follower  position  ssrvos. 

Plgure  27  Acma  the  AC  meehanlaation  of  the  aft  rotor  equations. 
There  are  12  amplifiers  and  U  potentiometers  need  in  the  AC  amehaidBa- 
tion  plus  funoticna  not  specified  as  to  equipment.  The  DC  msehaaisation 
would  require  15  amplifiers  and  k  potentiometvs  plus  the  fuaotione. 

The  additional  amplifiers  in  the  DC  meohanimatioae  are  due  to  polarity 
of  functions. 

One  further  area  is  of  interest  in  ths  tandem  rotor  siailatioo— 
angular  velocity.  The  mechanisation  of  the  dual  rotor  angular  veloeily 
conputation  is  shown  in  Figure  28.  In  oo^parison  to  the  sixigle  rotor 
angular  velocity  mechanisation,  Figure  23,  it  is  seen  that  A  is  computed 
essentially  the  sane  way  as  in  Figure  23  but  thsre  are  now  two  rotor 
torque  terns.  One  is  the  torque  contributed  by  the  foxeard  rotor.  Tbo 
other  term  is  the  torque  contributed  by  the  aft  rotor. 

Table  21  is  a  summary  of  the  coipononts  necessary  to  msohanise  the 
tandem  rotor  helicopter  in  addition  to  those  necessary  for  the  slngla 
rotor  heliccpter  less  tail  rotor  as  raflooted  in  Figures  26,  27  and  28. 
The  numbers  under  function  generation  in  Table  21  would  actually  be 
mechanized  by  potentiometers.  It  is  assumed  that  liisre  funotione  (f) 
are  used  in  the  mechanization  drawings,  the  meehanisation  oan  be 
acconplislied  by  the  sane  amount  of  equipment— AC  or  ZB. 
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Figure  26.  Swosh  Plate  Angles  8  S.AS  for  Tondenn  Rotor  Helicopter 
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Fipart'  27.  Aft  Rotor  Terms,  Tandem  Rotor  Helicopter 

AC  Mechanization 
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fl^uro  26.  Tandam  Rotor  Angular  Velocities 
AC  HschsnUatlon 
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_ iC _ 

DC 

Component 

No. 

wt. 

No. 

Wt. 

Anplifler 

25 

25 

31 

62 

Servo 

5 

5 

35 

Pots 

16 

U 

16 

h 

function  (f) 

qgMTftton _ 

•• 

9 

Complexlly 

6U 

101 

Table  21.  Additional  Con^onente  Tandem  Rotor  Helicopter 

This  eoBf>lete8  the  neohanlaatlon  of  the  tandem  rotor  helicopter. 

Su—ary  Tandem  Rotor  Helicopter.  The  tandem  rotor  mechanisation  haa 
been  dereloped  in  terms  of  the  single  rotor  mechanisation  (Section  III.B.}. 
The  arguments  presented  In  the  single  rotor  sunBary  (Section  III.B. }  are 
equally  ralid  for  the  tandem  rotor  helicopter.  Table  22  Is  a  summaxy  of 
tandem  rotor  component  conqplexlty.  This  table  Is  constncted  ty  taking 
the  coiponent  totals  of  the  single  rotor  helicopter  (Table  19)  and  then 
subtracting  out  coaponents  due  to  the  mechanisation  of  the  taf.l  rotor 
in  the  single  rotor  helicopter  (Table  7)  and  then  adding  the  additional 
components  due  to  tandem  rotor  mechanisation  (Table  21).  The  AC  system 
for  the  tandem  rotor  helicopter  has  a  complexity  of  7U1(-3A  Tersus 

1105- 1/2  for  the  DC  system.  This  is  practically  the  same  as  the  o«a> 
plexl^  for  the  single  rotor  helicopter  AC  qjrstem— 751-3A,  DC  gjrsteaw- 

1106- 1/2.  Consequently,  using  the  same  rationale  as  In  Section  III.B., 
the  AC  system  Is  favored  for  the  tandem  rotor  helicopter. 

C.  7/STOL  MECHANIZATION 

Mechanisation  for  the  tilt  wing  aircraft,  the  ZC-lii2A,  of  Ling- 
Temco-Vought,  Hiller,  Ryan  Is  considered  In  this  portion  of  the  report. 

In  reference  2  the  equations  of  motion  for  the  tllt>vlng  were  develop- 
ed  and  the  necessary  equations  for  mechanisation  of  the  tllt-wlng  are 
reproduced  in  Section  VI.  It  should  be  noted  that  equations  of  motion 
were  developed  for  four  other  V/STOL  configurations  in  reference  2t 
the  tilt-duct  represented  by  tlie  DDAK  VZ-hA,  the  tilt-propeller  repre¬ 
sented  by  the  Curtiss  ^fright  X-19,  the  fan-in-wing  represented  by  the 
General  Electrlc/I^an  XV-5A  and  the  rotating  thrust  represented  by  the 
Hawker  Aircraft 'P.1127.  Mechanization  of  the  tilt-duct  and  tilt- 
propeller  equations  of  motion  would  be  similar  to  the  tilt-wing  meobanl- 
sation.  Mechanisation  of  the  fan-ln-wlng  and  rotating  thrust  equations 
of  motion  would  be  similar  to  mechanizations  of  ordinary  Jot  aircraft 
taking  Into  account  variations  In  the  thrust  co^Ktnents.  ^  accounting 
for  these  thrust  variations  In  the  equations  of  motion,  existing  mechani¬ 
sations  for  Jet  aircraft  such  as  those  presented  in  reference  3  are  valid 
for  the  fan-in-wlng  and  rotating  thrust.  The  mechanisation  for  the  tllt- 
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wing  may  not  be  optimum  since  tJie  mechanisation  refleots  the  equations  of 
motion  w!ilch  could  change  as  data  from  tlio  manufacturer  become  available 
about  the  particular  aircraft.  Mechanization  of  the  tilt-wing  presented 
hore  is  based  upon  the  best  information  available  at  the  time  of  this 
report. 

References  are  made  to  the  appropriate  tilt-wing  equations  in 
Ooction  VI  in  some  of  the  mechanizations  drawings  where  the  equations 
are  lengthy.  On  other  drawings  the  equations  are  written  explicitly. 

1,  SIMIIARITY  OF  V/STOL  EQUATIONS.  Before  developing  the  tilt-wing 
mechanization  in  detail  consider  the  similarity  of  the  tilt-duet  and 
tilt-prop  oquations  to  the  tilt-wing  equations  and  the  likeness  of  the 
fan-in-wir;':  ar  d  rotm^ing  thrust  e'.;ationc  to  existing  equations  of 
motion  for  jet  aircraft.  In  these  comparisons  idilch  follow  only  the 
X-force  equations  will  be  compared,  the  Y-foree  and  Z-force  equations 
contain  like  similarities. 


First  consider  the  tilt-wing,  tllt-duot  and  tilt-prop.  Z-foroe 
equations  from  Reference  2. 

X-Force  Equation:  Tilt-Wing  (XC-1U2A) 


m(U  ♦  W  -  Vr)  ♦  mg  sin  6 

^  U 


®V<=T,S>  *  S,  -  "n  S.) 


(3-1) 


-  (Cjj  COS  (i^  -  a^)  +  sin  (i^  -  o^)]  Sq(-~)  -  Sq 

t  t  ^0 

X-Force  Equation:  Tilt- Duct  (VZ-UA) 

m(U  +  Wq^  -  Vr)  ♦  mg  sin  0  (3-2) 

2  - 

■  *  *2  ^  O'”  V  * 

q. 

-  [Cjj  cos  (i^  -  o^)  -  Cj^  sin  (i^  -  o^))  Sq(-^)-  8q  Cp 


X-Force  Equation:  Tilt-Prop  (X-19) 
m(U  ♦  W  -  Vr)  ♦  mg  sin  0 


(3-3) 


■xW  ‘  S  •  "n  S’  * 


(C.) 
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Coi^urliif  •quations  (3-2)^aiid  03)  to  (3-1)  tho  oalj  difforanoo*  ara  th« 
V*T  ^°x^RC  ^  ^  A  “  S,  ♦  Ty  i»  (3-2)  and 

j  X  ^  (3 

(C^)yi^Sq^  in  (3-3)«  ^^(^x^liC  raaetlon  oontarola 

2  - 

In  ttoa  tilt  dnot  alroraft.  Iha  tam  K2  ^  (C,p  ooa  Iq  -  Cj|  aln  la 

J»1  ^  ^ 

thrust  azpraaslon  for  tha  duot  fans  In  eoaffioiant  font* 

To  furthar  illuatrata  tha  aiallarltlaa  of  tha  foroa  aquations  (3-l» 
3-2,  and  3-3)  aupposa  that  tha  ineidant  anglaa  (1^,  1^  and  i^)  ara  aaro. 

ihan  thaxa  rasulta: 

n(U  ♦  Wq^  -  Vr)  ♦  «g  ain  e  Ola) 

U  a 

•  *  S-  “  (Cj,  «os(i^-a^)  4  8in(i^-«^)jSq(^)-  8q 


m(U  *  W<^  -  Vr)  ♦  ag  ain  6 

2  . 

•  f«I>*  »S,  *  W«*>HC  *  X.  ®I  ^ 

j»l  ^ 

-  [Cjj  ooa  (i^  -  o^)  *  •ija  (i^  -  o^))  Sq(^l)  -  Sq  Cj, 
t  t  ^  ( 

m(0  -  Vr)  *  ag  ain  9 


(3-2a) 


(3-3a) 


*V  i  *n  *  <®x^«.  SS«  -  S’  ®] 


n«l 


Equations  (3-la),  (3'-2a)  and  C3-3a)  ara  rnj  similar.  Msohanlaation  of 
tha  tilt-wing  aquation  (3-1)  vill  tharafora  damoxxstrata  tha  aiaulatlon 
ta^niqua.  lha  T  and  Z  foroa  aquations  for  tha  tilt-wing,  tilt-duct  and 
tilt-fn^  haTs  tha  saws  dagraa  of  likanssa  as  tha  Z-forea  aquations. 


Kaxt,  lat  us  eoi^ara  tha  fan-in-wlng  and  rotating  thrust  Z*^foroa 
aquations  from  Rsfaranoa  2  to  slasilation  aquations  usad  for  jat  airoraft, 

Fan-In-Wlngt  Z-7oroa  Equation 

■(U  ♦  '  Vr)  •  qS(C^(«,  Ns)  ♦  .  6F) 

6F 


(3-1*) 
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Rotating  Thrust!  X-Force  Xkjuatlon 

m(U  +  Wq^  -  Vr)  ■  qS[C  +  ^  C  .  6F  +  C  (B))  (3.5) 

*U  *6F  * 

♦  T  cos  (®j  o^)  -  sin  0 

Ordinary  Simulation:  X-Prrye  Equation 

in(U  +  Wq  -  Vr)  -  qS[C  (a,  Ma)  ♦  C  (0)  ♦  C  .  6F]  (3.6) 

1  X  X  ^  Xgp 

+  T  cos  -  ng  sin  0 

The  on3y  difference  among  equations  (3.1i),  (3.5)  and  (3.6)  is  in 
the  thrust  terms.  Using  equation  (3.6)  as  a  guide  consider  (3.h)  and 

(3.5) .  Equation  (3.5)  has  as  a  thnist  term  T  cos  (0^  +  o^).  0^  is 

the  rotation  of  thrust  producers.  If  the  aircraft  is  in  normal  flight 
(0  >  0)  and  T  cos  (0^  *  a,p)  •  T  cos  which  is  the  same  as  equation 

(3.6) . 

Ihe  thrust  term  in  equation  (3.U)  is  oos  o,j  ♦  Tp  sin  If 

the  fan-in-wing  is  in  normal  fll^t  *  0  and  consequently  equation 

(3.1;)  is  the  same  as  equation  (3*6).  The  only  added  term  is  sin  0^ 

in  equation  (3.1;)  and  is  of  small  consequence,  though  necessary,  from 
the  mechanisaoion  Tlswpoint, 

Similar  arguments  can  be  applied  for  the  T-force,  Z-force  and 
moment  equations* 

2,  TILT-WIWl  MBCHiNIZATlON,  Figure  2f  is  a  block  diagram  for  the 
tllt-ering  aircraft  similar  to  Figure  1.  Each  mechanisation  drawing 
refers  to  the  appropriate  equations  in  Section  VI.  As  per  the  heli¬ 
copter  mechanisation,  each  block  in  Figure  29  will  be  considered.  A 
component  count  will  be  done  in  the  sunoary  indicating  differences  in 
AC  and  DC  mechanisation, 

Hloek  (1)  Pilot  Control.  Block  (1)  of  Figure  29  contains  outputs 
duo  to  control  of  ^le  pilot. 

BlocA  (2)  Fhglne  Simulation.  HLock  (2)  of  Figure  29  is  not 
slmulaied. 

Block  (3)  Aero  Variables.  The  AC  mechanisation  of  Block  (3), 
Figure  29  is  shown  in  Figure  30  in  order  to  giro  outputs  q,P 

and  Vg.  This  mechanisation  is  similar  to  that  shown  in  Figure  10  for 

the  single  rotor  helicopter. 
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Figure  29  Simplified  Block  Oiogrom  V  STOL  (Tili-Wmg)  Ancrof* 
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Figur*  29  Simplified  Block  Diogrom  V  STOL  (Tilt-Wmg)  Aiicroli 
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Block  (It)  Aero  Teras.  The  AC  mechanization  of  Block  (I4),  Figure  ?9 
la  divided  Into  the  following  aix  parts* 


1.  Mnln  Propeller  Aerodtynawlcs.  Figures  3I  through  ||1  mechanize  the 
aquatlora  having  to  do  wit^  propeller  aerodynamics.  Figiire  31  develoijs 
velocities  associated  with  each  propeller.  Figure  32  develops  the  advance 
ratio  associated  with  each  propeller.  Figures  33  3h  show  coefficients 
used  in  propeller  aerodynamics  developed  as  functions  of  advance  ratio 
and  propeller  blade  pitch.  Figure  35  is  the  mechanization  of  each  pro¬ 
peller  thrust  (T^)  and  torque  (^)*  Figure  36  Is  the  mechanization  of  the 

normal  component  of  thrust  (N^)  and  propeller  monents  (T^  and  .  Figure 


37  resolves 
orientation  of  N 


and  into  appropriate  components  due  to  wing  tilt  ( 1^)  and 


by  the  angle  B  . 
n  n 


force  components  ((AZ  )  , 

a  p 


Figure  3tJ  is  the  mechanization  of  the 

Finally, 


(AT^)p,  (AZ^)p)due  to  propeller  effects. 

Figures  39,  140  and  I4I  are  the  mechanization  of  the  respective  racment  com¬ 
ponents  ((AL  )  ,  (AM  )  ,  (AN  )  )  due  to  propeller  effects.  Equations 

A  A  f)  A  jp 

6.175  through  6,197  represent  propeller  aero<Hynamic  effects. 


2.  Wing  Aero<!tyTismiC8.  Figures  ti2  through  li5  mschanize  the  equations 
representing  wing  asroc^namics .  Figure  shows  AC  mechanization  of 
wing  velocity  components,  wing  angle  of  attack  (d^),  wing  sideslip  (p^) 

and  total  velocity  of  the  wing  (7„)»  Figures  1^3  end  IJ4  show  formation  of 

asro<^amlcs  coefficients.  Finally,  Figure  li5  is  resulting  wing  force  and 
moment  contributions.  Equations  6.19fl  throu^  6,221  represent  wing  aero> 
dynamic  effects. 


3.  Vertical  StablJjUer  ^rodytMMlcs,  Figure  h6  shows  the  AC  mechani¬ 
zation  of  equations  6.22^  io  b»22’f  for  ihe  force  and  moment  contributions 
due  to  the  vertical  stabilizer. 


1*.  Hoi^^tal  StabU^er  itoro^naales.  Figure  147  shows  the  AC  mechani¬ 
zation  of  equallons  6,2ZB  to  TS,m  for  the  force  and  moment  contributions 
due  to  the  horizontal  stabilizer. 

5.  Tall  Rotor  Aerod^awics.  Figure  lib  shows  the  AC  mechanization  of 
equations  6.?3l4  to  6.^lj6  for  the  force  and  moment  contributions  due  to 
the  tail  rotor, 

6.  Fusel  ye  Aerodynmnics .  Figure  I49  shows  the  AC  mechanization  of 
equations  6.?l47  to  6.251  for  the  force  and  moment  contributions  due  to 
the  effects  of  uie  fuselage. 

Blocks  (p  through  (IM ,  These  blocks  of  Figure  I9  ere  similar  to 
tha  same  nui^red  bl^ks  ror  the  single  and  tandem  rotor  helicopter. 

Block  (5),  Figure  29  mechanized  by  Figure  50, 

Block  (6',  Figure  29  mechanized  as  in  Section  III. A. 
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33.  Profiler  Vrodyntx^lcs  Coefficient* 

7? 


NAVTRADEVGiiN’  l2(X-3 


77 


PITOT 
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Figure  Lpi  Propeller  Aero^Smsmics 

Moment  -  (£iM  )  AC  Hecharlietlor 
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Figure  iilj.  Wing  A«rodFn«niee  Coeffloiente 
AC  Hioheniaetlon 
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Fli^ur*  lt6  Vartioal  StablJLisar  Aaro^ynamles  Forca  and  Moaanta 

AC  Niohanlsatlon 
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SquMtlons  for  Tall  Rotor  Aaro^jnanles  Fare#  and  Moiwnta 
AC  NBohanlsatlon, 


Tig\ir9  liS .  Tall  Rotor  Aaro^aaica  Forca  and  Monents  (Shaet  2) 

AC  Niohanliaticin  ^ 
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(AX^)>-  -  qSC^  (AN,)y-qSbCnp  .p 

(AT^)F  -  qaC^  .  Pp. 

(az^)j,  •  q»T^  •  ojr 

®F 

(AM^)y  •  qio(CB^  ♦  .  a,) 

Figure  1^9.  Fuselact  Aero^riaaiioa 
Forcoa  and  Mownta  AC  Machanljatlan 
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KLook  (?),  29  Molumlitd  bj  Plgur*  50. 

Bloek  (6),  Flfaro  29  ■•chftniMd  b(f  Pleura  51. 


RUok  (9)y  Hear*  29  Mchatnlsad  bp  Pleura  52. 

Hlook  (10),  Plgura  29  aaohaniaad  bp  Pleura  U, 
flloek  (11),  Pienr«  29  aaobanlMd  bgr  Plfura  $, 

Hlook  (12),  Pleura  ?9  naobanliad  aa  In  Saetlon  IIIU.. 

Blook  (13),  Pleura  29  Badumlaad  aa  In  Sactlon 

ECLook  (lii).  Pleura  29— iaatruotor  Iqputa  aa  In  Saetlon  in.A. 
Thla  ooaplataa  tha  aachanlaatlon  of  tha  tUt-wlne  aireraft. 


Semmrr  Tllt-Wlna  Alrqraft.  Tba  aaohaiilsatlon  of  tha  tllt-«rlne 
aireraft  vaa  aoeo^pllnad  iiy  araXuatlne  tha  bloek  dlaerau  of  tha  aircraft 
(Pleura  29)  blook  bp  blook  juat  aa  for  tha  ainela  and  tanda»»rotor  hall- 
ooptara  In  accord  with  Pleura  !•  Aa  for  tha  haliooptara,  an  awaluatloe 
of  oo^ponant  ooiie>laxltp  la  dona  la  ordar  to  ehooaa  batwaan  an  AC  or  IC 
epataa  of  aaohaalaatlon.  Tabla  2.1  la  aa  aoeouatlae  of  tha  tllt-wlac  aaro- 
^^naadoat  Block  CU)  of  Plftora  29.  In  Table  23  tha  rarloua  flguraa  that 
hawa  alraa^p  boon  eoaaldarad  ara  Intarpratad  aoeordlne  to  ooaponaat 
(aapUflar,  aanro,  potantloaatar,  alaa><>oalna  potaatlonatar  and  rasolvar) 
oonat  for  AC  and  IS  aaohaalsationa.  Tha  raaulta  of  Tabla  23  ara  la- 
oorporatad’lnto  Tabla  2U  ahldb  la  tha  total  tabulation  of  tllt-«lne 
ooie>onant8  juat  aa  vaa  dona  for  tha  alngla  rotor  halleoptar  In  Tabla  16. 
Qia  tllt<arlnc  au— a,iy  la  Aown  In  Tabla  25  idileh  eorrasponda  to  Tablat 
19  aad  22  for  tha  haliooptara. 

Tha  oo^plaxltp  of  tha  tllt-wlae  AC  ufataa  la  566-lA  raraua 
915-lA  for  tha  DC  apataa.  Aa  in  tba  AC  and  DC  apatan  ecapariaona  for 
tha  haliooptara,  thla  diffaranoa  In  o(Mf>laxltp  la  BMrkad.  Afaln  tha 
dlffaranca  In  ccnploxltp  ia  prlBwrllp  dua  to  tha  graatar  nuabar  of 
aapliflara  naaded  for  tha  DC  aaohanlaatlon  (tha  naod  of  aigr  inraralona 
for  aapp  functlona)  and  tha  walght  aaaoolatod  with  tha  DJ  a]ie>llflar 
balng  graatar  than  of  tha  AC  anpllflar,  Conaoquantlp ,  unleaa  DC 
aafullf i«ra  oan  ba  radoalgnad  to  glau  both  algna  of  a  function  and  ara 
oo^Mtltlra  in  oo^jlazltp,  or  tha  oholcj  for  a  DC  ^pataa  ia  baaad  on 
other  faotora  than  oo^x>nanta,  tha  AC  apataa  ia  farorad. 
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Ttbl*  2li.  Tllb-Vinf  Tabulation 


95 


MAVmADEVCDI  1205-3 


AC  DC 


No. 

Wt. 

No. 

wt. 

Ajvllflar 

195 

195 

263 

526 

Sanro 

301 

1*3 

301 

'^ot 

17U 

1*>V2 

in 

l*3-l/2 

S-C  Pot 

U6 

11-3^ 

58 

22-?^^ 

ntoolvor 

9 

Comploxltj 

555-VI 

893-1/6 

Tablt  25*  Tilt  WlAf  SvNMrr 
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StMKART 


Thla  report  presents  a  set  of  guidelines  for  the  selection  of  the 
optima  analog  aechanisatlon  of  the  V/STOL  slaulations  set  forth  in 
reports  NAVTRAEEVCEN  1205-1  and  1205-2,  “nie  guidelines  sere  dereloped 
as  a  series  of  recoianendatlons  hy  consideration  and  discussion  of 
certain  aspects  gorernlng  the  selection  of  an  optima  eoiymter,  Aitse 
aspects  are  sunmarlzed  below  and  the  resultant  recoaasndatlons  briefly^ 
stated, 

A.  AIRCRAFT  DITA  CONV5R?ION  FOR  USE  IN  THE  COMPUTER 

Raw  aircraft  data  supplied  by  the  aircraft  aanufacturer  Is  gener¬ 
ally  es^irlcal  in  nature  and  supplied  In  the  fora  of  smooth  cnrres. 

Tbs  aost  eoonoalcal  and  least  coo^plex  sathod  of  storing  presenting 

this  inforaatlon  to  the  co^outer  Is  through  the  use  of  tiqsped  or  shaped 
potentiometers  driven  by  servo  shafts.  Since  potentloasters  aey  be 
used  with  ecfoal  facility  In  either  AC  or  DC  coaputers,  the  conversion 
of  data  does  not  ',Lfluen''5  the  choice  of  coaputer  type  one  way  or  the 
other, 

B.  SIMPUCITT  OF  SIMULATION  EQUATIONS 

To  obtain  an  optlaua  simlatlon  of  a  given  set  of  siaulatlon 
equations  it  is  necessary  to  siiq^llfy  the  given  equations  reanral 
of  matheaatieally  insignificant  and  physicallgr  Insignificant  terms  of 
the  equations.  This  is  done  to  the  extent  aTLoved  by  the  required 
extent  of  simulation.  The  equations  aechanized  in  this  report  were 
alrea(^  in  the  sing^lified  state  when  taken  froa  Voluaes  I  and  II, 

Since  the  sia^liflcation  of  the  equations  is  a  first  step  in  the 
simulation  process,  the  optiaiBation  obtained  by  the  slaplifications 
would  be  the  saae  In  either  an  AC  or  DC  coigmter.  Henoe,  as  with 
data  conversion,  equation  slJigjllfication  doee  not  influence  the  choice 
of  coinputer, 

C.  COMPUTER  FLEUBIIITT 

The  need  for  flexibility  in  the  computer  uesd  for  aircraft 
simlatlon  is  apparent  when  one  considers  the  usual  requireasnt 
that  the  simulator  be  developed  concurrently  with  the  development 
of  the  aircraft  to  bo  simulated.  Thrt  aircraft  aanufact’^rers  are 
forced  to  work  with  A  great  deal  of  eq^irlcal  data  and  consequently 
required  to  redirect  design  efforts  Jn  order  to  obtain  the  exact 
aerodynamic  characteristics  selected  as  a  design  goal.  This  results 
in  a  considerable  amount  of  engineering  changes.  Since  these  ahangee 
are  manifested  as  changes  to  the  aerod^n^amlc  functions  stored  in 
tapped  potentiometers  It  is  a  simple  matter  to  retap  the  potentiometers 
in  either  an  AC  or  a  DC  computer  since  both  use  potentiometers,  Conae- 
quently,  as  in  paragraph  A.  above,  this  aspect  does  not  influence  the 
congiutar  choice. 
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D.  CXJKPUT'ATIOWLt  SEQCBWCl 

Ilia  coi^TutatlonAl  Miquanoa  uaad  during  tha  aachanlMtlon  of  a  aot  of 
alnulation  aqaationa  la  an  aztraMljr  liig>ortant  optlalftatlon  tachnlqua.  It 
haa  a  dlract  affact  on  tha  aocura^,  flaxlbllitgr  and  oooplarltj  of  tha 
coaputar.  Howarrar,  aa  In  k,  and  C  abora.  It  haa  no  dlract  baaring  on 
tha  ohoica  of  a  ooaputar  typa  aa  1C  or  DC.  Onca  tha  eholoa  haa  baan  Mda 
to  uaa  AC  or  DC  carrlar  ooi^tation,  tha  coi^tatlonal  aaquanoa  can  ba 
utiliaad  to  arrira  at  an  optlaun  aaohanlaatlon. 

E.  CHOICE  OF  CARRIER 

Tha  cholca  of  oarriar  to  ba  uaad  In  tha  aiauiatlon  ooaputar  la  tha 
noet  laportant  aapaot  to  ba  oonaidarad  whan  Baking  tha  salaotlon  of 
conputar  tjrpa*  aimilatlon  problan  nuat  ba  axaninad  to  datamlna  tha 

tha  conputar  raaponaa  raquiraaanta  dlotatad  bj  thaaapaotad  algnal  fra« 
qnanclaa.  In  Saotlon  II  thla  vae  dona  for  tha  V/STCHi  aiauiatlon  firat 
to  datamlna  which  AC  oarriar  ahould  ba  uaad.  It  waa  daoidad  that  jLf 
an  AC  oarriar  vara  to  ba  uaad  it  ahould  ba  60  ojrolaa.  Thia  daoialon  vaa 
made  sinoa  tha  advantagaa  of  aocuraej  and  raaponaa  of  a  UOO  cjola  a^ataa 
ara  orarahadowad  bEf  tha  raduoad  raaponaa  raquiraawQta  of  tha  F/STOL 
alBulation,  tha  ralatira  aaaa  in  mating  ooaputar  alM  raatrlctlona  in 
flight  alflulatora,  and  tha  naintananca  and  phaaa  ahlft  problam  intro> 
ducad  by  UOO  q^cla  carriare.  Haring  narrowad  tha  oholoa  to  althar  a 
DC  or  AC  ayatan  tha  adrantagaa  and  diaadrantagaa  afforded  by  tha  rarioua 
coiqpntational  taohnlquaa  wara  thm  diaouaaad. 

It  waa  daoidad  that  out  of  tha  fira  baaie  ooqputatlonal  taohnlquaa  of 
aig)lifloatlon,  intagration,  aoltiplioation,  trigonomtrlo  raaolutlon  and 
function  ganaration  tha  AC  taohnlquaa  afforded  tha  baat  applicability  to 
tha  V/STOL  alBulation  problem  in  all  araaa  except  fxmotion  gaiMKratlon 
and  laultiplloation.  In  thaaa  two  araaa  tha  taohniquaa  vara  found  to  ba 
equally  vaigbtad.  Conaaquantly,  aa  far  aa  applioabilily  of  taohnlquaa 
ia  concamad,  tha  choice  of  conputar  typa  ia  raoomandad  aa  a  60  oyola  AC 
carrier  congnitar. 

F.  CHOICE  OF  SY3TEK 

Tha  raaulta  of  tha  abera  diaouaalona  in  conjunetion  vlth  tha 
coaponant  auBmariaa  of  Section  III  indicate  clearly  tha  optlana 
ooaputar  to  ba  uaad  on  the  V/STOL  aiauiatlon  aMobaniMtion  ia  tha  60 
oyola  AC  ooiqritar.  Hot  only  oan  tha  mohanlMtlon  ba  dona  with  laaa 
coiiponante  but  tha  ooat  and  ooiputar  alaa  ara  alao  raduoad. 
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Hk^rrumovr.  1205-3 

SECTION  n 

NDKENCUTUTCB  49D  EC0ATI0N9 

ii,.  micoFnw 

l.  .WCfffWlCUOTRl 

Tht.)  folkwljag  livt  of  iqraboX*  i«  uMd  tturooftioat  this  r«port. 

TIui  lift  txf  aerMt.H»la  ar*  amuigod  in  aljpbAbatioal  ordar  irlth  levar  com 

liaUxl  fir  at,  tiban  oitpital  lattara  foUcwad  graak  lattara  and 
i^V’\bbolUii  at  adiwaoXXaaaooa  origin. 


OTliBOL 

oKVNiHnoaaiNBB 

QUITS 

POSITIVE  SENSE 

ooQifig  angla 

radiana 

Op 

L’lngritodinal  flap  angla 

radlanc 

Raaraard 

h.a 

lataral  flap  angla 

radiana 

Right 

Loagltudliial  oaatar  of  gravitj 

faat 

Forward  of 
rafaranoa  mint 

V 

lAtaral  oantar  of  grtritgr  poaltlon 

faat 

Right  of 
rafaranoa  loint 

Noranl  oantacr  of  granrltgr  poaltlon 

faat 

Balow  rafaranea 
point 

f 

ccnataat  *32.2 

ft/aao^ 

Downwar  ‘ 

'T5 

Praeaora  altltnda 

faat 

Qpwardc 

h 

Bata  of  oUab 

ft/aao 

Qpward 

q 

Inooapraaaibla  dfwiiio  praaa^ura 

Ib/ft^ 

y 

Faaalaga  dToaaio  praaanra 

Ib/ft^ 

Pltohlog  rata 

rad/aao 

Noaa  op 

%-j 

BLada  alasant  drnHdo  praaaora 

Ib/ft* 

r 

Toming  rata 

rad/aao 

Noaa  rlgh'« 

t 

Air  taig>aratora 

digraaa  C 

At 

Chroond  t  aap  ara  tora  rarlatlop 
froa  rUndard 

dagraaa  f 

7 

tdatanoa  froa  blada  hlaga  to 
blada  atatlcm 

faat 

Mayj,—  at 
tip 
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SYMB  ; 

rESCRimc’N 

ITNTTF 

POSITIVE  SENSE 

A  , 

If 

Lateral  control  angle 

degrees 

Right 

Hlad©  element  area 

fest^ 

' 

Longitudinal  control  angle 

degrees 

Forward 

r 

niado  cnord 

feet 

Blade  element  drag  coefficient 

none 

'  Vy 

Blade  element  lift  coefficient 

none 

'’V 

^TF 

Tail  rotor  coefficient  of  thrust 

"Si 

Coefficient  of  tail  rctor  torque 

non- 

dimensional 

Aceeleratss 

rotor 

Drag 

lbs. 

Reanrard 

!-> 

FHieelage  drag  force 

lbs. 

Raaivard 

HLade  eleieent  drag 

lbs. 

Reannuxi 

E 

East  position 

ft 

Ground  speedy,  east 

ft/ssc 

Force  -  Left  wheel 

Ibe. 

Uperard 

^HW 

Force  -  Right  irheel 

Ibe. 

Upward 

^TV 

Force  -  Tall  Wheel 

Ibe. 

Upward 

T? 

X  Force  due  to  main  rotor 

lbs. 

Forward 

P 

T  Force  due  to  main  rotor 

Iba. 

Rlgiit 

H 

Altitude  abore  the  field 

feet 

'jpward 

Hy 

a.tltude  of  field 

feet 

Upward 

^LW 

Height  left  wheel  abore  field 

feet 

Kinue  after 
touchdown 

Height  rig^t  ^eel  aboTs  field 

feet 

Hinue  after 
tcTuchdown 
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SmBDL 

EBSCRimON 

DNIT8 

POSITIVE  aEHai 

Height  tall  «hMl  aberev  field 

feet 

Hinaa  after 
touobdovn 

^TOT 

Moaant  of  Inertia  of  rotor  gpeten 
aa  aeen  at  aaln  rotor 

alug«^^ 

Noawnt  of  inertia  about  X  aasia 

2 

alng*^ 

S 

Hladee  aoMnt  of  inertia  about 
flapping  hinge 

1710  , 
alug-ft^ 

V 

Monent  of  inertia  about  T  aade 

alug-ft^ 

I. 

Moaant  of  inertia  about  Z  exit 

alug-ft^ 

L 

Lift 

Iba. 

Upaard 

Rolling  aonent  about 
plana  X  aada 

Ib-^ 

Right  wing 
do« 

I/p 

Fuaelace  lift  force 

Iba. 

Upward 

hn 

Lift  due  to  aain  rotor 

Iba, 

Upmurd 

Main  rotor  rolling  aoaant. 

Ib-ft 

Puahea  rl^t 
wing  doam 

% 

Rotor  hub  rolling  aaaant 

Ib^t 

Right  wing 
down 

Rotor  lift  foroe 

Iba. 

up 

H-t 

HLada  eleaant  lift 

Iba. 

Upward 

M 

Pitching  aoaant 

Ib^t 

Hoaa  tg> 

% 

Pitching  aoaant  about 
plana  T  eda 

Ib-ft 

loea  up 

Hi 

Maob  mater 

«B 

EOLada  aaaa 

alnga 

*v 

Fuaelage  pltohing  acaent 

Ib^ 

Puahea  noae 

xqp 

«1 

Naaa  of  aircraft 

alnga 

«L0 

Landing  gear  pltohing  aoaant 

Ib^ 

FUahea  noae 
up 

KAVTHArBVCEN  1205-3 


gTMBDL 

TiaORTPTTQW 

0NI7S 

POSITIVE  SENSE 

EffAot  k£  Min  rotor  on 
pitching  MOMnt 

Ib-ft 

Puahaa  noaa 
up 

”rh 

Rotor  hnb  pitohing  aomont 

Ib-ft 

Hoaa  up 

% 

BGLade  eloaent  aarodOnuudo  flapping 
■oaont 

ft«-lb8 

Horaa  blade  tip 
up,  incraaaa 

N 

Engine  rotational  waloolty 

RPM 

N 

Qround  spoed^north 

ft/aao 

\ 

Bank  ncment  about  plana 

Z  axlfl 

Ib-ft 

Nos#  right 

PusaliHSe  jnt  ooMnt 

Ib-ft 

Puriias  noaa 
right 

Main  r^tor  jraw  noBant 

Ib-ft 

puahaa  noaa 
right 

N 

TW 

Effect  of  tall  ahaal  on 
yaw  Booent 

Ib-ft 

Puahaa  noaa 
right 

P 

Rolling  rata 

rad/aae 

Right  wing 
down 

Praeaura  brake,  laft 

2 

Iba-ft^ 

Praeaura  right 

Ibs-ft^ 

"s 

Static  praseura  at  «aa  laral 

In.  uf  Hg. 

SCL 

Left  angina  torqua 

ft-lba 

Spaada  up 
rotor 

Right  angina  torqoa 

ft-lba 

Spaads  up  rotor 

Main  rotor  torque 

ft-lbe 

Spaada  up  rotor 

S?B 

Rotary  brake  torqua 

ft-lba 

Spaada  up  rotor 

Tall  rotor  torqua 

^t-lba 

Loads  angina 

q 

Tall  rotor  turbulanca  factor 

non- 

Hjaanalonal 
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S’WFr’i, 

rFS-.-RI  PTK'iN 

K"'5'inVT,  SfNSF 

R 

31  ft.  Main  rotor  radius 

feet 

r/c 

Rato  of  climb 

ft/sec 

Upward 

u 

X  axis  Telocity  In  air  mass 

ft/sec 

Forward 

LV 

U 

Speed  In  X  bo(^  axis  direction 
relatiTs  to  a  point  on  the  ground 

ft/sec 

Forward 

flight 

Up 

TR 

Tall  rotor  normal  relocltgr 

ft/eec 

Posit  Its  to 
the  right 

\|r-y 

Rlade  element  relatire  Telocity 

In  air  perpendicular  to  blade 
span  (long)  and  to  0^ 

ft/sec 

Underside  of  blade 
exposed  to  the 
wind 

U- 

t-y 

GQLade  eleaoent  relatire  Telocity 
in  air  perpendicular  to  blade 
span  (long)  axis  and  to  rotor 
rotation  axis 

ft/sec 

PositiTe  in 
borer 

Wind  speed  in  I  axis 

ft/ sec 

Wind  blows 
on  nose 

rf 

V 

T  axis  Telocity  in  air  mass 

ft/seo 

to  rig^t 

•  t 

5?r>eod  in  T  bodf  axis  direction 
relatlTe  to  a  point  on  the  ground 

ft/sec 

night  to 
right 

fuselage  (total)  airspeed 

ft/ sec 

Alweys  positlTe 

Total  Telocity  of  tail  rotor  hub 

ft/sec 

Always  positire 

Vw 

Wind  speed  in  T  axis 

ft/eec 

Wind  blows 
or  right  wing 

w 

Z  axle  Telocity  in  air  mass 

ft/sec 

Dcwn 

Wp 

fuel  floe 

IbAn 

I>*aina  tank 

Wg 

9t>eed  in  Z  axla  direction 

relstlTw  to  a  point  oti  the  ground 

ft/sec 

Descant 

Induced  alrfloe  in  Z  bodf  axis 
direction 

ft/eec 

Air  blows 
down 

(w^) 

mean 

Mean  inflow  reloclty 

ft/sec 

Air  blowe 
dowiaiard 

(w. ) 

Local  inflow  Telocity 

ft/eec 

Air  blowe 

down 


NH  V  TliA  rEVCKN  1?0  ? 


STHBCiL 

rKSCRIPTTOK 

t'N'ITS 

pC'Sinvr 

Wind  sp«*o<l  In  ,’  axis 

f -/sec 

wind  Mows  deem 

(w^) 

rCT 

mr>>m 

Inflow  dlat-rlbuti  on  factor  -  F(fl 

I 

Longitudinal  force 

Ibe 

Forward 

Total  aero<!^3rnalBlo  force 

In  fuselage  bo<i*f  I  direction 

Ibe 

Forward 

Ijr 

Faeelage  longltadlnal  force 

Ibe 

Forward 

*L0 

Landing  gear  frlotlon 

lbs 

TcSMrd  nose 

T 

Lateral  force 

lbs 

right 

Total  aercKtjnaaslo  force  in 
fuaelage  7  direction 

lbs 

right 

DlrUtfioe  from  flap  hinge  to 
bladoB  c.g,  »  6,75  ft. 

ft. 

Fuaelafe  lateral  foroea 

Ibe 

right 

^TR 

Side  force  doe  to  tell  rotor 

lbs 

Poaltlee  to 
right 

2 

Hemal  force 

lbs 

Qcrwnrard 

Total  f  oroe  in  fomlage 

2  direction 

lbs 

TkjmtamM 

Ft  our^Lll  Tt. 

lbs 

hjo 

landing  gear  nomal  feroa 

lbs 

Dowxarard 

a 

ingle  of  attack 

degrees 

RelatlTe  Wind 
from  below  x  axis 

“F 

Iheelage  angle  of  attack 

degrees 

Wind  COSMS 
froa  below  x  axis 

“TR 

Tail  rotor  diao  plane  mlocitr 
tagla 

degrees 

Re  la  tire  wind 
from  below  x  axis 

Slade  angle  of  attack 

degrees 

Wind  CQSMS  froa 
below  blade  x~f 
plane 
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SYJIFC'L 

rF.SCRIPTlON 

(JNIT.S 

POSITZW.  SENSE 

-Sides]. Ip  lUvtle 

degrees 

RelatlTe  wind 
from  right 

Hsill  Angle  (inetri’Mint) 

degrees 

Bell  right 

^  TR 

Tail  rotor  eldealip  angle 

degrees 

RelatlTt  wladl 
fro*  right 

% 

Blade  flap  angle  at  aaimth 

degrees 

Blads  tip 
high 

'If 

Rate  of  change  of  blade  elenent 
flap  angle 

deg/ sec 

Blade  Tip 
upward 

e 

Pitch  angle  of  fuselage  X  axle 

degrees 

Lerel  -  0° 

Up  -  90 

• 

e 

Rate  of  change  of  Euler  angles  9 
(Pitch  angle} 

rad/sec 

Nose  up 

®TR 

Pitch  of  tall  rotor  blade  at 

3A  point 

degrees 

PosltiTe  liien 
leading  edge  ie 
deflected  toward 
pylon 

Air  density 

sluge/ft^ 

« 

Roll  angle  of  fuselage 

degrees 

Positire  right 
wing  down 

• 

♦ 

Rate  of  change  of  Euler  Angle, 

(Roll  angle! 

red/seo 

Right  vlng 
down 

EO-ade  Ml  event  inflov  angle 

degrees 

Wind  ocdMs  frov 

below  the  un- 
pitched  blade 
plane 

f 

True  heading  of  fuselage  X  azia 

degrees 

North  -  0° 

Saet  -  90® 

\ 

Wind  heading 

degrees 

Wind  blowe 
toward  thie 
heading 

m 

f 

Rate  of  change  of  Euler  angle  f 
(Tea  angle) 

red/sec 

Rose  right 

n 

Rotor  rotational  Telocity 

ra4/eeo 

Counteroloek' 
wise  froa  top 

106 


fiAvnurirvcm  i205«3 


5IMD0L 

rESCFjmoN 

UNITS 

POFITIVF  SFNS: 

Tall  rotxor  solidity /arfranca 
ratio  paraiaetar 

Non- 

dimensional 

X 

Tall  rotor  ▼alocity/thruat 
ratio 

non- 

dime  ns  i.nal 

A/t  rotor  rolling  moiaent 

lb. -ft. 

Roll 

right 

|fr 

Front  rotor  rolling  awment 

lb. -ft. 

Roll 

right 

n 

'  ARH 

Aft  rotor  hub  rolling  momant 

lb. -ft. 

Roll 

right 

n™. 

Front  rotor  hub  rolling  monant 

O' 

e 

1 

• 

Roll 

right 

n. 

Fuaelaga  rolling  moment 

lb. -ft. 

RoU 

right 

1.0 

Landing  Gear  rolling  moment 

lb. -ft. 

Roll 

right 

1.x 

Rolling  moment  due  tc  rough  air 

lb. -ft. 

Roll 

right 

4 

Fuselage  rolling  moment 

lb. -ft. 

Roll 

right 

107 


‘rr.:.:  y  PTKF  ^:^iAn  's  EQ'ATiom 

*.  aiNrsLK  ROTOR  revTCKs 

(1)  HTJSKlAaK  lEROnmKICS 

AnOf  ftf  ^  31d»»lip  Aml> 

a  •  ]i°  ♦  arc  tan  — "  ^  ^ 

^  -  arc  tan  n— — ~— n - xy^  ■  -i 

|/  ♦  (w  -  f  ("w)  t  Cw^  2 

<ia  yuaalaga  J^rrMualc  Pyaaura 

f^^wian)  f  (V^ 

!y(  Fbaala^ 

ly  -  q{!500  [1  .  f  0^  ♦  f  (^)f(^)  ♦  iC^  2.?5| 

•  0  for  no  aortaroal  rtoivi  •board 
■  1.0  with  axtamal  •  tor  as  aboard 


(6-1) 

(6-2) 


(6-3) 


(64*) 


Ljf,  FViMlac*  lift 

ip  •  {^91.155  [.309  ♦  f(<^J  ♦  Kj  5.63}  q 
•  0  for  00  axtamal  atoras  aboard 

■  1*0  with  axtamal  atoraa  aboard 


Fbatlaga  Airap— d  _ 

▼t  -  ^  ♦  (tTTf  f  (I,)  j  * 

(2)  TAIt  WTOR  AEROnnOfCCd 

Tall  Rotor  Tarbolanoa  Factor 

2^  -  f(o) 

^  :  oe 


(6.^) 


(6-7) 


UTmmvca  1205-3 

Tall  Hotor  Torqoa  at  Mala  Rotor  Shaft 

Si  ■  -  Si]  ‘-i 


(«) 


-  ,008U  f  (^°^TR  j 


C-  ,  Tail  Rotor  Coafficlant  of  Smst 
^TR _ 

^TR  ’  ^32  ®32i  S2  "  ^  ^  W  (^(6-10) 


Up  ,  Tail  Rotor  Nomal  Valocitf  (NoadiaansioBal) 


TR 


"TR 


Y  -  36.06  r  ♦  2,7k  v 

jo.56 


(6-11) 


,A-  .  Tail  Rotor  Soliditr/idranea  Ratio  Paraaatar 
-  0.19U5  Ajjj  ♦  0.1790 

*3U  ■  S.  ' 

o^.  Tail  Rotor  Diae  Plane  Yelocitgr  Angle 


(6-12) 


®TO 


•  tan 


W  ♦  36,06 


(6-13) 


0  ■  U  eln  •  (W  ♦  36,06  eoe 
Tail  Rotor  Sideslip  Angle 


P, 


TR 


-1  V  -  36.06  r  ♦  2,7U  P 
^  /u^  ♦  (W  ♦  36.06  qj^)^ 


(6-lli) 


0  W  ♦  (W  ♦  36,06  q^)^  el®  ^TR*  (V-36,06  r  2,7Up)  cos  P^ 
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Vyjj,  Total  Velocity  of  Tall  Rotor  Hub 


Vtr  -V  ♦  (V  -  36.06r  ♦  2,lkv)  ♦  (W  +  36.06  (6-15) 


Tall  Rotor  Valoolt 


Lst  Ratio 


SI,  -  .osa  T_  f 


(“%j 


(6-16) 


9^,  Pitch  of  Tall  Rotor  KLada  at  3A  Point 

-  10.03  -  h.fi 

0  <  Ac'  <  2,293 

Ac'  -  ,107 6jj  .0676gQ  ♦  1,77  ♦  ASE  Ii^juta 

(3)  unucnq  obar 

Rll^t  lAiaol  Foroo 

.  -10,000  ♦  y 


(6-17) 


(6-18) 


Only  'ariian  rl|^t  vhaal  haa  tonohod  down,  Otharviat  taro. 


Laft  Whaal  Foroa 


.10,000  ♦  y 


(6-19) 


Only  vhan  laft  ahaal  haa  touAad  down,  Othazvlsa  aero. 


F^,  Tall  Wiaal  Foroa 


F„  -  -2,500 


(«-*o) 


Only  when  tall  idiaal  haa  toaohad  down,  Othazvlaa 
(U)  LONOITUimiL  FORCE 


Total  Longitudinal  Foroa 

“r/  ^ 


(6-21) 


UO 


ittTmavcw  1205-3 


if 


i  I 


T/oaigltadln*!  Foro* 
rln  Zy  oo*  «  9ob^ 

Undi^  (W  Fo,o> 

-  K  [.025  -  2.53  (P*  ♦  f^)  Kq 

K  -  ♦!  Ug  >  2,25  fp« 

K  •  0  -2.25  < 

f  -  .1  Ug  <  -245  tp§ 

(5)  am  POKJi 

Total  9i<it  Foret 

•  Ty  ♦  ♦  F^^  ♦ 

Ty.  Peoalafa  fltdo  Forte 


Ty  .  •  ly  ein^ 

Tjjj.  Side  Foret  Dm  to  Tail  Rotor 

t_-0t  /3C*W.«S 

(6)  OOMI  FORCI 

Z^.  Total  Down  Ferot 

h*  h/i  hm 


Zy.  laotltce  Kffoot 


2y  •  -  Ly  ooa  cy-  Oy  ala  t  oat 
Z^.  Landlnf  Otar  Forot 


■A 


m 


(6.22) 

(6.23) 


(64U) 


(645) 


(646) 


(647) 


(648) 


(649) 


?iAVTRArrVC;0;  1205-3 
(7)  RCmNO  >OMF,NTS 

Total  Rctlllng  Mpaante 

‘''^e  S  ■*■  Sr  ^  ^TR  ^  h>0  ^  ‘h. 

-H.  (56i*.5) 


Lp,  Main  Rotor  Rolling  Moatanta 

In '  5. 


Landing  Oaar  Rolling  Moaanta 


*  ^*'  ^^lif  " 
Faaalaga  Effaot 
^  -  -57U  (f  )  q 


D  >  0 


(8)  PITCH  MDfHEirrS 

Total  Pitch  Hownt 

M.  -  Z.  d,  -  I.  d.  .  .  M,  ♦  ^ 

♦  A«^  -  pil  (56U,5)  ♦ 


Horiaontal  StabllliT 

111  horiaontal  atabiUsar  affoota  ara  oanoallad  dua  to 
Incorporation  Into  propar  fuaalaga  affaota. 

Mj^,  Main  Rotor  Effaot 
"r  •  -  .0T3 

Landing  Oaar  Plteh  Noaanta 

Mj^  •  U.38  (Ppj,  ♦  r^)  -  10.99  ♦  5.36 


( 6-30) 


(6-31) 


CM2) 


CM3) 


C6-3ii) 


(M6) 


CM?) 
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Kp,  Fasalag#  Pitch  KoMntc 

Mp  ■  {390  [,058  ♦  f(«)]  ♦  Kj^  23.^  q  (W8) 

"  0  fcr  00  cctcmal  aterM  aboard 

*■  1*0  with  ajttamal  atoraa  aboard 

(9)  liW  MSMSNTS 

H, .  Total  Tav  Koaanta 

"»  •  ♦  "v  ♦  »r  *  "r  -  %  *  »Ifl  - 

*  hai^*  >^1  ‘  \  ^*-3” 

N^,  liiael  Taw  MoMst 

With  either  or  both  Min  idiaala  on  ground  and  tail  aheal 
on  ground  vith  tail  idiael  lode  off 

1^  -  2200  tJg  r  Kq  (64i0) 

Hp,  Fuaelage  Sffeota 

Np  •  U228,8  q  C6i4a) 

Taming  Koaent  Doe  to  Taming  Rate 

-H  -  102,762  S-  q  (64t2) 

^  ’'T 

Laiviing  Gear  law  Koaant 

-  1 16.U5  [PjE  .  K(J  (643) 

(10)  BIAIE  ELEMENT  AEROOnUMICS 
y.  eoa  ♦.  ain  ♦  Valnaa 

In  an  eqaation  containing  7,  eoa  f  and/or  ain  t»  the 
equation  auet  be  computed  aa  aai^  tinea  aa  neceaaazy  to 

include  all  eoid)inationa.  That  ia  3  tinea  Tor  7  alone 

6  tinea  for  ain  f  and/cr  00a  t  alone 
18  tinea  for  both  7  and  ain  f  and/or  eoa  f 
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Stations  ar«  distisgniifasd  tr  sabsoripts  f-y.  Sras, 
ths  18  KLads  slsasnt  stations  ar*  danotad  0-9«9, 
0-21*8,  0-28.1,  60-9.9,  60-21.8,  ate, 

Taagantlal  Valoeilar 

U-  •  (a  ♦  y)iT.^  V  ooi  t  ♦  U  ala  t 

'Mr 

Vartical  Yiloclty 

«  -  w  -  w.  -  a#  (0.0173)  ♦  (1.052  ♦  y) 

Cqj^  oos  t  ♦  p  sin  t) 

-^^(U  cos  t  -  V  sin  t)  (.0173) 


!ta: 


,  Inflov  Angle 


Vt 


(radians) 


‘t-y 


Angle  of  Attack 


■  W  *  W 


Pltdi  Angle,  Dsgraaf 
JOL - 


V  ■  *  *!•  ”'  *  ■  *^  *  *  *'-  ^ 

*0. 

®»e’ 

• -.25#  (tot/ft. 

/^.  Density  of  Ataesphare 
7)  idianiT.  <  5 


/> 


P  Shan  A  >  5 


111, 


(64»li) 

(6.ii5) 

(646) 

(647) 

(6-ii8) 
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,  FTapptng  Hcjnent  (Main  Rotor) 
_ 

Mo  -  /O'  [78.88  C 

'  V9.9  V9.9 


176.9  C 

>-21.8  >-21.8 


-  56.50  IT^-  c.  ] 

>-28.1  ^^-28.1 


,  0^,  Male  Rotor  9iaft  Moasnt 


(6-li9) 


0^  -pKTS.a  Up  Cj_|  -  73.02  a^cJ  )  ((^50) 

▼  t-9.9  >-9.9 

4  C190.0  dj,  Up  Cj^l 


-  180.3  Cp 


't-21.8 


) 


t-21.8 


♦  (60.1i2  Up 


-  106 


.2  Cp 


♦-28.1 


)} 


t-28.1 


I*t*  I>g*  ^2)  Foroat 

I^-A7  .733  ’^rhl  ♦  8.395 


^.9.9 


t-21.8 


1.969  V^j.  Cr 


>-28.1 

-  5/6  CZ  L^)  (1  ♦  f(H)  ,  fCV,)] 

^1*#  (*)  ^^orc« 

^  *R _ 

•  /^[(6.ii35  cJ  -  6.872  U^  ‘a 


>.9.9 


♦-9.9 


(9.3liO 


♦-21,8 


-  8.7U1  U.J.  Up 


) 


♦-21.8 


(6-51) 


(6-52) 


(6-53) 


)  (6-51) 
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-  2,Ou6  Jp  Cyj 


♦-28. 1 


;j 


♦-28.1 


t  -  5/6  Z  (.0173/S  L  C09  ♦  —  D,  8lxi  ♦ ) 

J.  T  ▼  ▼ 


(6-55) 


F*  I  Rotor  T  Foro« 

R 

Rj  -  ♦  ^  X  [-D^  COB  ♦  -  .0173/^  *10  t] 

R 


(6-56) 


C.  f  Co«fflol«nt  of  Lift  Fonotlon  of  e 

>-y  _ 


C,  -  t(a^  _)  i  •  1,  2,  3,  U,  5 

1  t-y 


4  "D,  » 

_ '±2 _ 


V’ 


^  Flmp  AagU 

jS  i  ^•db  ’  *!•  ®®*  ♦  -  Bia  ♦) 

•  57.3  A  «lii  ♦  -  OOB  ♦) 


(6-57) 


(6-58) 


(6-59) 

(6.5C) 


FIb^  AnglB  Foorlsr  Co«fflolBntB 


•ob 


"4  ♦  V  ♦  ♦  "/t  ♦  V  ♦  V 

.  ^0  ^60  lao  300 


U,768,092 


. ,rigg- 


(6-61) 


2U8,800 


-22^  ♦  b^,(0.565)  -^('1.051)  (6-62) 
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/ 


b: 


-(n^  ^  o.SHm  o,5m^  o.5m^  0.55U  ) 

3...-.-Z.y: _ %•  W  \o‘  ^3oc^ 

2l5,li60 


-  (0.56?)  -  p  (1.05}i) 


(6-63) 


Ljjjj,  Mpj^,  Rotor  Hub  Kosient*  on 

•Sm  ■  ■  •  f  *  I"b 


(6-61^) 

(6^) 


(W.)  ,  Loo&l  loflov  Valoolty 

—±1 _ 


(W^)  •  (V^) 


fVi) 


mu 


W 


(6-66) 


(II)  TRlKSUTIOIflL  kWD  tmOUR  IATS8 

tear  ^.f  .r-PraHtf” 


(6i^7) 


^0 


♦  f  eoc  •  tia  #  .  ’OgT  dt 


L«i 


♦  f  oo«  •  ooa  ^  ^ 


] 


dt 


(6.69) 


(6-69) 


B.  1.  h.  tortto  Ula  ValoolU— 

B  •  00*  ♦  oo»  •  ♦  •!«  #  (T^  «la  ♦  ♦  Wq  oo« 


-  #10  T  (Tq  oo«  •  -  ala  ♦) 


(6-70) 


U7 
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E  «  slo  ^  ^  OO*  •  ♦  •!»  •  (^Q  •io  ^ 
♦  0O»  f  (Vg  0O«  ♦  -  Wg  aifi  ♦) 
h  -  Dg  «i»  ®  -  OO*  •  (Vg  »i»  ^ 


(6-n) 

i^n) 


wind  7»iocl1y  la  Jaw 
wind  blows  fi-cn  ^  bondiaf  (tmo) 

■o  Tortloal  eoiyoaoot  of  wind  la  ooooidorod 

ooa  •  ooa  (f  -  ♦  180®) 

"  ^W  *  «oo(T  •  ^  *  180°) 

A  eoa  ♦  aln  (f  -  ♦  180®)J 

-  Wy  9  ooa  ♦  eoa  (T  -  1^  ♦  180®) 

♦  aln  ♦  ala  (T  -  Ij,  •  180®)  j 

RalmtlTa  kit  falool^  In  Ixjr  A»aa 

D  -  Dg  ♦  0^ 

V  -  Vg  ♦ 

-  ''o  ♦  \ 

FUaalaga  Aogalar  8ot»a 

V  •  /  rf  dt 

T3t 

"■'X  “ 


r  •  /  dt 

^•a 


(6-73) 

(6-TU) 

(6-75) 

«^76) 

(6-77) 

(6-78) 

(6-79) 

(6-80) 

(6-81) 


I  %  > 


i  » 


ue 
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Hear  Inf  lew  Velcxrlty 

, _ _ _ 

(WJ  -  ^  - p - - - - 

2PfrK'^  '/  Wanj  f  (Vy  *  V^' 

U,  Majj.  Pot  or  Val  oc  Ity 

;  >!R  ^  *  'W  ^  ^ 

ii  B  - - 

10/27< 

Nortii  and  ga?'t  Positions,  Al 1 1  tude 
N  -  N  .-rt. 

S  -  /  E  dt 

h  -  /  h  dt 

neadint; 

f  "  (r  cos  '*>  •♦  sljn  ♦)  9oc  y 

?  -  5?. 3  /  T  dt 

Pitch  Angle 

0  •  cos  t  -  r  sin 

a  -  f;7.3  /  0  dt 

Roll  Angle 
•  • 

♦  ■  r  ■*  T  -I  iri  0 

t  .3  y'  t  dt 

(U-)  MA5S  ANT  INIIRTIA 

Center  of  Gravity  F'osltlon  (Feet) 

d  -  ♦  .^31  l!L  ♦  .in  K,  -  .OX.(^  M- 

X  1  «  r  ^  . 

Pwd 

♦  .0091.  M 

aft 

d  -  c; 

2 


rdns/sec . 
degrees 

rdns.  sec 
degrees 

rdns'sec 

degrees 


( ('  -  f'  n 


;  I 

‘  i  *  ' 

(  _  f  -  c ) 


i 


n-ep) 


(^-69) 


^  - 


-  Vi 


d 

y 


11^ 
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TAMIEM  H(iT0R  nEVICES 
(1)  FTJSEUOE  lERDUnilfCCS 

ajri/5p  AAgla  of  Ait&ok  and  Sldaalip  Angles 


-  9.5®  ♦  tan 


.1  (w  -  f  (\v)  r  (wjj 


C6-91) 


fw  -  f(Wi^y>  fCW)]' 


q  •  i  />  -  33900  f(W)  f  (W.  )♦  21230  f(W)f(W  }J  (6-92) 

T  ^AW  ifiT; 


Fuaalage  Lift 

Lf  •  V  (V 


(6-93) 


ly,  Fasala^  I>‘a« 

ly  •  q^/  (op) 


(6-91) 


♦  ♦  fw  -  f  (W  )  f  (wj 

*-  ^AV 


(6-95) 


(2)  LANmiO  OSAR 


-  -(f(H)  -  E^h]y9<*000  -  0360  (.025  ♦  K^* 


(6-96) 


*L0  •  ■  J4hlK^(8360  ♦  91*000  (.025  ♦  K^] 


(6-97) 


<  ^  > 
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% 


{  ^  > 


Ijindinp  Rollln^c  Kownt 

'll/)  *  \a  ^'^2'*'  ■  ^3^^ 

(3)  LONOmmiUL  fOROS 

l^,  TotJuL  LonfrltodlnflLl  Pore# 


I.  -  ♦  P-  ♦  P_  ♦  AI„.^ 


AR 


Ijp,  PD8«lAg«  Lon^itodlnAl  Poro« 

ly  -  -  0.986  Dj,  -  0.165  ly 

CU)  Sire  PORCS 

Tot*l  Sld«  Ports* 


Tp,  PUMlag*  Sid*  foro« 

Ty  -  -  yi^) 

(5)  DOW  roio 

Z^,  Totiil  Down  Pore* 

^  "  Sr  “  ^AH  *  ^RA^  So 

C6)  rnnCAL  PORCES 

Ty,  Pus*l»g*  Eff*ot 

Zj  -  0.165  Dp.  -  0.966  Lp, 


( 7 )  ROLURD  HOHERTS 

Total  Rolling  Mo**nt 


I-.  •  •  lu,  •  T  «  •  -7 


PR 


PRR  *  'ARH  ^  IP 


1, 


(6-96) 


( 6-99' 


(6-100) 


(6-101) 


(f-102) 


(6>-103) 


(6-IOI4) 


(6-105) 
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I 


(6-106) 

(6-107) 

(6-106) 


(6-109) 

(6-110) 

(6-111) 


^*Sii  ^"ae 


(6-113) 


laVTRArfTVT'N  IPc;-! 


Npp  ■  i6, ii9  r_ 

FT? 

N.r  -  -  I6.81i  F-  (6-li^) 

KR 

Tcv  Moaante 

Np  ■  q  f  -  K^r  to  b®  d*t®r«lrvw3  (6-1 16) 

(10)  M0f?ENTS  TORNISG 

Turning  Mowent  Du«  to  Taming  Rat® 

-  "r  -  ^  q  (6-117) 

- 

(11)  HULEE  EUWEWT  AEROEiniiKICS 
y,  cow  Y,  gin  T  Talu®e 

In  an  equation  cental ning  j,  cob  f  and/or  eln  7,  the 
equation  Kust  be  ooi^Tuted  ae  oaqf  tiaee  aa  necessary  to 
include  all  coMbinatlons  of  the  fonrard  rotor.  That  is 
3  tiaes  for  y  alone.  Six  tiswa  for  sin  7  and/or  cos  7 
alone.  Eighteen  tiaes  for  both  y  and  sin  f  aod/or  cos  7. 

Stations  are  dletingulahed  by  eubecripts  7-y.  Thus,  the 

18  blade  eleaent  stations  for  each  rotor  are  denoted  (0°  -y) 

FR,  (60*^  -y)  FH,  (0°  -y)  UR,  (60°^)  UR,  etc.  The  subscript 
FR  or  UR  denotes  forward  rotor  blade  station  or  aft  rotor 
blade  station 

0-  Tangential  Veloc  ity 

_±2 _ 


0, 


>-y 


(e  ♦  y'-Tl  ♦  V  cos  7  ♦  n  sin  7 


(6- US) 


■imjiiiYcrsR  1205^3 


(t~y)PTl 


LooaI  Vertical  VelocltT- 


»  w-w. 


* 

.  -r A  (0.0173)  ♦  (•  ♦  r) 


(q^  COB  T  »  p  bIjd  f) 

‘jS  (0  COB  T  -  ’  Bln  T)  (.0173)  -  16.1^9 
f  ^ 


*(TT)ni-  *(T.t)A1! 

(RiQIAK) 


°T  T-y 


'Sl±l 


Blade  tn^Ie  of  Attack 


®t-y  *  ®f-y  *  S. 


^(y-y)ra  *****  ^(t«y)AR 


Pitch  Angle,  CagreeB 


0. 


•  *!^  -  *1,  -  8u  -  S 


nAp  ^«PPlQg  Kcante 
T 


^  ( a.e  0^,  C,  •  1.33.6  D  * 

T  "  ^(T.7.3)^(T.7.3)  ’  (7-17) 


r 

'^(T-17)  ♦  23.1  w 

^  (f-23.1)  (f-23.1) 

^pr’  Rotor  Suift  NoBMuta 


iO^  Vp^l  -  ^ 

^PR  ^  ^  (T-.7.3)PR 


(T-7.3)PB 


♦  70  n 


T^p\i 


-  170  tl 


(f-17)PR 


T  '"t)| 


*ff-17)PR 


(6-119) 


(6-120) 


(6-121) 


(6-122) 


(^123) 


( ev-m ) 


NAVTRAnE\'GEi;  1?05~3 


♦  20 


^i(f.23.1)FK  •  ^1(3- 


] 


?1 .1)FR 


*  2  ^ 

^7R 

An 

’Vr 

^AR  ■  A. 

FR 


,  f(A  )  .  f(U) 

FR 


’FR 


(6-1?5) 


’FR 


"Ali  ’FR 
(6-126) 


*  ^FR'  ^AR  Forces 

FR _ 


] 


'(^-?3.1) 
(6-127) 

LpR-^^ZL,  )  [1  ♦  f(H)  .  f(7^)]  1.10  f(U)  (6-12P) 


t  FR 


03 


^AR  •  '■re  --ir^  •  •  f<’'>  • 


Os. 


FR 


FR 


(6-129) 


•S’RS  ’  Vr  -  ^MAX 

•  0  otherwise 

^AR  “  ^AR  ^AR  -  StAX 

-  hiM  >  I'MAI 

L^  -  (6.5  X  lQ^)yO  .  f(U) 
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Rotor  (X)  Forces 

’FR  *FH 


-/O  [(7.1*3  U  -  7.5  ^ 


(6-130) 


-  (1*.38 


-  7.8  U,i 


17)FR 


(6.37  U-%1  -  U-U  C  I  )  / 

’  °|(f-23.1)  ^  ^|(»-23.1)  J 


F  *  i  51  ( .0173  P*  L-  coe  f  -  D„  sin  f) 
^  ^  t  *FR  ’fR  *FR 


(6-131) 


F.  «  F-  ♦  300  f(U)  ,  f(V)  .  f(fl)  AB 
*AR  ^ 


F_  ,  F-  Rotor  (T)  Foroes 
^FB  ^AR 


F-  •  I  51(-D,  cos  f  -  .0173  P.  I*.  ain  r] 
^  i  *fr  *fr  ^fr 


(6-133) 


F-  •  F-  ♦  300  f(a)*  f(F)‘  f(fi)  AA,. 
^AR  ^ 


(6-131*) 


.  Coeffleisnt  of  Lift 


(6-135) 
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i 


tx 


'’t  % 


Py,  F1«P  Angle,  ra,  py 


*  $7.3a(»^^^  eln  If  -  eo»  ^) 


‘FR 


■fr 


sin  T)  deg. 

deg/sec. 


(6-136) 


(6-137) 

(6-138) 


*03*  *ls*  ^8*  Angle  Fourier  Coetffleiente 


% 


03 


PR 


^°°ni 
li,5?0,253 


(6-139) 


-  M, 


^•PR 


Mr  ♦  **0  •  ^  '  "fl 

^^°ni 

1814,807 


*  Ha  (-390)  -  1.028q^ 

*FR 


(6-II4O) 


1?7 


NAvnunsrcBN  1205-3 


M  ♦  0-5  -  0.5  -  MU  -  0.5  ♦  0.5 

®FR  ^®®FR 


160,0U3 


.390)  -  1,028  p 


(6-li»l) 


"TrRH.^lAHP*  "aBH  on  Foealag# 

-IFTO  -  -  r  (i^  «=  r)  ♦  UIA* 


(6.1U) 


liw- 

11^  .  ..aJ5  r  I„  ...  T  .  Uii*  .1^ 

"urn  •  ’V«B  ♦  ^  *®u 


(6-lii3) 


(6-llili) 


f  6-11*5) 


V4  ,  Local  Inflcw  Yolooltgr 

Hf-r) 


(*^)  f  *  sSb  -  Efe  -"  ♦) 

F» 


(6-U»5*) 


(12)  nUKSUnOML  arc  iMlOXAfi  141X9 

Bo<tr  A»>o  "  Qroaad* '  Yoloottiat 
-__  - 

U(j-/  9.5)  dt 


g  ooo  (6  -  9.5)  oiu  ♦  •  IJf,  r  dt 


-i  ♦  g  0011  (•  -  9.5)  ooo  ♦  ♦ 


^0  \ 

m 


(6-11*6) 


(6-U*7) 


(6-li*8) 
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i»  •  « 

5^  h  Sirtb  48ia  V»lw^U»» 

N  ••  oo«  t  fo^  oo»  (*y-^*!f)  ♦  «1«  «i»  •  *  *0  •JJ 

-  *lD  ?  (Vg  o»»  *  «  Wg  •!»  ♦) 

I  »  aln  T  JOg  «to«  (0^*5^  *  «&A  «i«  ♦  *•  «©o  #)] 

♦  <«»•  f  «>o»  ♦  -  Wq  «iB  #) 


b  •  Ug  adLn  (<^^,51  -  aoa  («y^,^)(Yg  da  ^  «©«  •) 


waji  falflpciter  in  ftxtr  to- 
Vlad  njmnt  trom  Haadat  (traa) 

l»  Tariiinl  Co^peanot  of  Vlai  1«  rwurtnilWBiil 

*  ®w  *  Boa  (iy  •  9«5)  Bat  (T  •  i;^  ♦  U80®) 

bIB  t  BB«  ♦  IflO®)  ♦  «»•  ♦  BUI 

(T.t^  ♦  IBO*)^ 

(t^  ~  9t5)  tot  ♦  BB8(f  •  \  *  180**) 

♦  via  ♦  BlJi  (fwl^  ♦  150®)/ 


HulBtAv  ViloBily  Ip  kXr  ia  BB<!hr  4aBB 


(6«lis9> 

(6-.X5D) 

(6-0151) 

(6.155) 

(6.155) 

(6.1!%) 

(6.15^ 

(6-156 

•6-157) 


p  " 


(6»158) 


U'/rfUDgVCSN 


'^1  '  r 


dt 


yy 


T  • 


r 

m 


dt 


Mean  Inflow  ’<!«locitj 
.0OO2e 


,ooa2V  - 


2^r" 


B,  Rotor  AcgulT  Velocity 

U  •  - '— .  yi . .  I  -  .1.  ..I- 1  .1 

Hot 


H'OT  *  ^  ^ 


Afi 


Worth  and  I^at  Pooltloria,  Altitude 
* 

H  •  /  W  dt 
I  -  /  i  dt 

h  •  /  h  dt 

toading  Ai^l« 

• 

f  ■  (r  coo  ♦  ♦  •tn  ♦)  MC  {Bj  -  9,$)  SDNS/SBC 
T  -  ^.3  /  T  dt  DlOms 


Fitch  Angle 

8  -  q^  cos  ♦  -  r  sir.  ♦  R1JIS/5SC 

A 

e  -  /  9  dt  ,  -  »  ♦  9.5®  DgQRSES 

Roll  Angle 

♦  -  r  *  ♦  «ln  -  ^  -  9.5)  RDNS/SEC 

♦  -  57.3  /  ♦  dt 


(h-159) 


(6-160) 


f  ^>-161 ) 


(6-162) 


(6-16}) 

(6-161,) 

(6-165) 


(6^166) 


(6-167) 


(6-168) 


D5CRKES 


Ni4VTiurir\' itN 


da:,  (ty,  dt.  Center  of  Iravltr  Posltl on 
di  »  ,?OC  -  ,00^7  (y  ♦  M  !  ♦  f  nNCT: 

dj  -  [5.U  %  )  - 

R  'M^ 

ds  •  0 


.  V/STOL  IIRCRU^  (TIL7-;^N0) 

1.  NOMEMCLlTrjRF  USRD  IN  XC-LU2A  ECJTATIONS 

a!y»bol  Dsflnltlon 

b  Wing  9f)<ui 


Sr 


r 


q 

Vr 

'lir 

R 

n 

'T,  S 


Mean  iLero<tyT»4nd,o  C^iord 

Incid«ne«  Ajiglc  Horimontal  StAblllMr 

Incldano«  4ngl«  -  Wing 

Main  PropalUra  n-1,  2,  3,  U  -  Top  Via*  Laft  to 
Right  ,  looking  forward 

Ofuamlc  Pr«08ux<«  •  nr««  Straaa 

rynaadc  Prasaur*  at  Rorlsontal  StabiUaar 

Tlrna*lc  Fraaaur*  at  Vartlcal  Tall 

lynanlc  Prassora  dua  to  Powar  on  Wing  If facta 

Plada  Pitch  Angla  -  Main  Propallar 

'loafflclant  of  Thruat  at  '^ing  to  Inflow 
Valoclty 

Mjuaatar  Main  Pr^paller 


7 

HS 


‘TR 


J 

n 


Diamatar  Tall  ’^ntor 
Puaalaga 

Horiiontal  '‘tabillaar 

Tnartla  of  Main  Propailar  FUadae  ajwl  Jliaft 
Inertia  of  Tall  Rotor  -Tladao  and  Shaft 
Idranca  Ratio  Main  ’^Yopallar 


3!SrwboI 

•’ts 

■s, 

V 

n 

N 

n 

N 

0 

'Vr 

s 

8 

P 

T 

Tt 

"tr 

VT 


W 

T_ 
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Definition 

Advance  Ri»tle  Tail  Propeller  or  Rotor 
Main  ’Yopeller  Moment  (Initially  Pitching) 
Main  Propeller  Thrust  CoiBponent  Normal  to 
RPM  -  Main  Propeller 
Nominal  RPW  -  Main  Propeller 
-  Tall  PropoUar 

Main  Propeller  Tortjue  Coefficient 

Total  Area  of  Wing 

Total  Area  of  Main  Propaller  Disks 

Total  Thrust  of  Main  Propellers 

Main  Propeller  Thrust 

Tall  Propellsr  or  Rotor 

Thrust  -  Tall  Rotor 

Total  Velocity  in  Aircraft  Bo^  Azee 

Vertloal  Tail 

Total  Velocity  in  ^ind  Stability  Axee 
Wing 

Main  Propeller  Mosmnt  (Initially  Taming) 


«F 


Angle  of  Attack  >  Pueelag:e 

Angle  of  Attack  <•  Horlsontal  Mtabilieer 

Angle  of  Attack  -  '^lias 

Bideelip  Angle  -  Pueelage 

PTLade  Pitch  Angle  -  Tall  Rotor 

Sideslip  Angle  -  Wing 

Dcsrnwmsh  Angle 
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^ywbol 


Inltlon 


I. 


2. 


fi  A.ng\ilftr  velocity  Main  ’Vc7p«ll«r 

o 

knfru'lBS  A.cc«l«r»t.ion  Main  Propel  l®r 
Inertia  of  tall  rotor  blades  and  shaft 
4JV%ilar  Telocity  tail  rotor 
JuT^rular  Acceleration  Tall  Rotor 

TILT  WING  AIRCRUT  .^TMITJiTIOW  E<7IATI0N 
a.  AEROrJniAXrC  VARIABLES 


S 


fR 


TR 


*  -1  /W, 

ctp.  -  tan  (-1 


-  tan~^  ( 


'B 


~fS=S33Qd9BMlMHr*  ^ 

{ITTVTT 


q  -  1/2  pVp‘ 

P  -  f  (hp) 

b.  MlIM  FBOPPIXKB  AFRCDmKICS 
♦  -  (1^  •  “r’ 


♦  X  sin  i  ♦  a  q,  cos  i 
n^l  w  n  1  w 


w  •  V  cos  eln  ♦  *■  j  iv  coe  i  -  r  sin  1  ' 

n  B  on'  w  w 


-  ^n"*!  *  •n'h 


T  M»  ^  V 

n  N^  n 


r:^ 


n  N  n  o  r 


(6-170) 

(6-171) 

(6-173) 

(6-17$) 

(6-176) 

(6-177) 

'^wl7B) 

{ h-179  ^ 
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n  n 


cr~7 


Jn  Bln  tp  -  (^  (  - S 


o 

.  C  .  ^  y  .  (J')*-  ^  B  .  d!l  B  J' 

n  “  J  j*^  "  n  iDBiJ'  n^n 


n  o 


-  !'  -dJx  .  •*  / 

jT^  n  J-F?  •  .-gj;  'vy^ 


n  -  f  i(^N  cot  . 

"n  ^  jT-"  ^  ^  ♦" 

•  A'  "i"  ♦,  •  ^ 

fill  ♦„ 


Gw  “  ( i-J?)  t  J  ' 

'  n  " 


(6-lBo) 

(6-181) 

(6-182) 

(!^>-i8l) 

(^I8ii) 

(6-185) 

(6-186) 


(6-187) 


(6-188) 

(6-189) 


(6-]fX)) 
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$ 


^  N  2 


•  ^  ’ll  ^  ^  \  ^ 

o'er 


(o^)  •  i:  (i„  <x»  \,  -  »„  «<■>„  "I"  1^* 


n«l 


fst.:  -  r 

p 


n-i 


(&Z^) 


r  '-\  “v 

n*l 


W  CO#*  B  CCS  1  ) 

n  w 


(hi  )  ,  -  [(AZ  )  -  (A2  )  ]  y  -  ((A2  )  (hZ)  ]  y, 

pi  pil  p2  pi 


P 


<  I  > 


-  [(Al^)  ♦  (AX^)  )»^.[(ai^)  ]  nj 

pi  pU  p2  p3 

U 

■  r<x,  cos  p^)  sin  -  C'^n  S< 

n-1 


(AM.) 


^PlTOt  *  *  C\(»l°  lyl  » 

n»l  n**! 


-  (Ni^  CCS  sin  1^)  ^ 

•  (Kj  cos  Pj  Si  ^  ®3  ^3  ^2 


♦  (HLj  cos  P^  cos  cos  COB  1.) 


4  I 


♦  (Nj  cob  Cij  cos  COP  COB 

■  '"V  'O’^n' 


whsrs 


n«l 


Pivot 


n»l 


l.A?S(T,  ♦  T  1  *  ♦  T  ) 

1  U  f  ' 


i3t; 


6-lQl' 

'::h-192' 

(6-193) 

(6-195) 


PlTOt 

(6  196) 


N  A  vm  a:  )  Kvc  ek  jc  -  j 


*  r3  ^ 


•((4I.)pj  *  "'VpJ’h  *  '‘“.'p2  •  <<->■'7' 

-  r />'„  <^0’  -  t  ’■’’Pr,'  ‘■■o*  >«, 

n“i  n*l 


c.  inTDiG  AERODYNAMICS 


w  “  w  •-  -U  air  1  ♦  W  coe 

P  W  If 


Up  •  U  coa  ♦  w  aln  •  7 


\  -  'u  ♦  AV) 


V  ■  V 


AV  ■  -M  *(11  ♦ 

P  V 


P  2T  1/2 
'  2  ) 


*  T/sp) 

«w  -  tan~^ 


1/2 


8  “  tan 


'V  * 

-1  V 


[  (u^  *  A7)^  ♦ 
2 


S  “  ^D  ^  =l'  ^  ''-n 


ftf  a  fl^F 


a 


*1. 


(6-I9B) 

(6-199) 

(6^200) 

(6-2Ga) 

(6-202) 

(6-203) 

(6-20b) 

(6-205) 

(6-206) 

i6-2;77) 

.  6F  .  1  (6>-?i3fl; 


1)6 


?iAVTRA  rF\"':EN  1 20  S-  1 


fc 


JL  > 

w 


-e. 


♦ 


.  6A 


b  , 


T 

W 


(c  )  -  c 

"V 


*  Sf  ' 


hr  * 


*  ‘h 


{'',  ) 


f 

(^>-?ll) 


In  Rex^y  kxme 


V- 

•_C^  cos  ^ 

'  'L 

sin  ^ 

w 

(Cj) 

-  Cp  sin  1 

cos  ^ 

w 

(C^) 

V 

/  * 

(C  )  sla^ 

\ 

i 


‘  -  -r  < 


w  V 


d. 


(Cy^)  -  -(C^  )  arln^  ^  ^ 

W  W  V 

(a.)  .  (c  ^  3  tffc  ,i 

w  W  ' 

(ez  )  -  (r  3  (f(e  ))  a 

W  V  i  ,  -T  -W 

(41,)  .  (Cy)  b  3  |r(c  ))  o 

W  W  * 

’  "(Ct.s’J  S, 

<4\)  -  b  s  tf(c  )1 

•  W  ’ 

VTOTl'^AL  STkmilZER  lERDPTHiMIC^ 

■A 


^  ■  V,  ■' 


-P  ♦  c  .  ftH 


(6-212} 

(6-213) 

(6-2  .ii) 
(6>21?) 
(6-216) 
(6-217) 

(6-216) 

(6^19) 

(6^220) 

(^-221) 

(6-222) 
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■/  -  ./3r  .  :/  •  •  r  *  -X 

OR  p  I 


rj 


6R  ♦  [C 


B  ^ 


r  ♦  Cr,  ,  r] 
r 


<«;>  -  '■'i^  >• 

TX 


(AL^) 


C.  bS  (!~)q 


>rt 


(*".)  -  "n  •>“  (^)<' 


«.  HORIZONTAL  STABILIZER  AEPDITNAKICS 


•  »T  *  H  f 


'U  *  -I,  •  “t 

'  “t 


C,  .  (Cj^  )• 


t  O, 


(AI^) 


H3 


(C^  CO*  (1^  -  a^)  ♦  aln  o^)]  S  (-  -)q 


%>q 

(AZ  )  »  {♦  C-  Bixi  (1  -  a.)  -  C'  000  (l.  -  o.  ))  8  (“~>q 

•  KS  t  '  ''  H  I  %  q 


(AM  )  -  -(AI  )  ,  bg-  ♦  (AZ  )  •Jtum  *  *7’ 

*  H3  •  HS  ^  •  KS  ^ 


^  •  'h  *  ''’m.  * 

^  a 


f.  TAIL  ROTOR  AEROnrHAMICS 


(♦  )  -  90  ♦  (a„  -  f ) 

®  TR 


(6-223' 

(6-221) 

(6-225) 

(6-226) 

(6-227) 

(6-228) 

(6-229) 

( 6..230 ) 

(6-231) 

(6-232) 

(6-233) 

(6-23L) 


^TR  ‘ 


(^35) 
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'ra  '  Ip  '♦o’  --^Tn  'll 

TR 

,6c  ^  ^ 

™  %R 

{<5-237) 

•  'V’  '*4?  ’ 

{6-23f5) 

2  2  1/2 

7  »  (u  ^  +  w_. ) 

^TR  ^  fP.  TR 

(6-239) 

'♦tr  ■  't™  ‘ 

( 6-2liO) 

•  ri” 

(6-ai) 

1  >»  2 

(^)  (ir^)  c_ 

TR  TR  V 

/"o  o„  Til 

(«Ji2) 

.  4  (Z)  (^)  Op^ 

(6-21*3) 

TR 

(6-21*1*) 

■  ’^TR'^TR 

TR 

(6-21*5) 

•  St. 

TR 

(6-21*6) 

FTTSEUaS  AERDrmKICS 

(iil  )  -q  s  C^ 

•  ?  ‘  o 

( 6-21*7 ) 

^  -fi  f 

(<^21*8) 
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i&  Z  )  •  ~q  Ji 


•L  '  V 


(6-?h9) 


(A«^)  •  qSctC^  ♦  .  cyl 

•  F  O  Gy 


(AH  )  -  q  Sb  C  .  p- 

F  PF 


(6-25O) 


h. 


Cjj  ,  C,  ,  and  C  also  hav«  effects  In  the  wing 
0  Oy  % 

caro^tfnajiics . 


TILT  Wing  AIRCRAFT  FORCg  AfTS  HOMSWf  8Q<iATIC9!S 
(1)  t  Force  Bgoatlor 


cos  1  -  N  coe  Q  slnl) 

w  n  '^n  w 


‘HS. 


-rCj,  coad^  .  a^)  ♦  8in(i^  «  )1  Sq(~)  -  SqC^ 

it  z  c 

e 

•  ib(U  ♦  -  Vr)  ♦  «g  stn  e 


(2)  T  Foroa  iquatlCTi 


(-K 


‘rt. 


sin  p^)  ♦  Cy  5q(~)  ♦  SqCy  .  Py 

n-i.  Py 

» 

-  «i(V  ♦  Ur  -  WJp)  -  ng  eoa  *  aln  ♦ 

(J)  2  Foret  igmetlon 

^  <-’'1.  S.  ■  "n  S,’ 

'^HSv 


♦(Cjj  sin  (1^  -  a^)  •  Cj^  cosd^  -  -  SqC^ 

t  t  Oy 


'V 


m(V  ♦  fp  -  U!^)  -  «c  coa  •  cos  ♦ 
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( ]( )  Roll  hlquat,  tor 

Iff  * 

♦  (  { ff-T^  ain  1^  1^1  ^  ^  cos  |3.  r-os  . 

♦[  ( aln  Pj>  coa  1^)  -  ( ♦T^  sin  1^  ♦  cos  cos 

♦(  aln  ♦  Nj^  aln ♦  { ♦Np  sin  p^j  ♦  N^  sinp^  ; 

U  U  q 


-  E  co«Pn)  H  '  3t^  ' 

n«l  n«l 


%i-^) 


■  hi”  •* 

-  '5i<I(*|!:>  >*”  S,  •  <llV™ 

(5)  Pitch  Bauatlon 

«n  =S(f(S.s')  ■». 

W  9 


Pivot 


♦  ^  T  (cos  1  )  *  .  *  ♦  T~  (sin  1  )  X  ,  . 

^  n  w  pivot  ^  n  \  pivot 


-(N^  C08  Aj^  all’  S,^  *1 

cos  Pjp  Sr  *  ^3  ^3  Sff^  *2 


♦  (N^  cos  cos  Sr  *  *^lj  *1 


Jl- 


»(N2  cos  ^2  S#  *  *^3  ^3  Sff'*2  ~  i— ' 

n-1 

*  ^1  (M„ 


HS. 


>[C  cos  (1^  -  a^)  ♦  C  8^.n{l^  -  ]  Sq(— ) 


HC  slnd^  -  op  -  CO.  (1^  -  ap}Sq(-^)  1„,, 


11^ 
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^  [c^  .  ♦  c  .wl  ♦  *  <S3c(C^  *0^  .  Oy) 

<t  O  Op, 

•  '22^ 

♦  p(I^)  -In  co»  1^ 

(6)  Jm  gQtiation 

-[(T^oo*  ~  oo*  ^  •la  «  (T^  ooa  1^  -  «in  1^^]  7^ 

-[(Tj  ooa  1^  -  *2  eo^^Sj  «in  1^  -  (T^  coe  1^  -  oot^p^  •!»  i^)] 

-(♦B^  «ln^j  ♦  Hj^  •i»^^)x^  -  (♦Nj  ainfl^  *  *3 


-  -- 


00»  P^)  CO*  1^  -  Za  ^"b  »’  “•  s 

ni“l  n*“l 


♦  C„  b  *  <3  Sb 


*/Sj  * 


-*\i  <P  --%^* 

'’‘’*  '*  -  P^™“rs 


No  *ijq>Ilfioatlon*  h«T«  boon  «Ad*  on  tJio  rl^ht  aid*  of  th***  djc 
•quatlon*.  Torme  Igrtorod  In  wdianiMtlon  t&r*  tho*«  vlth  diacoaMU  llm 
thiroogb  thoR*  firtornal  artor**,  ro^ogb  &lr,  or  landlnf  fMx  oonditlon*  «r* 
not  d«T«lop*d  la  th««*  •qoatlon*. 

MOTBi  In  oqiuitlons  6-21?  to  6-??l  and  equation*  1,  3-6  of  th«  precodlng 
fare*  and  J?soiB*nt  equation*,  (f(C^  <s)  •  *4^ )  t''  •  dynawlc  pressur*  term 

due  to  rropellar  «llp*tre*iB.  C_  I*  the  co^ff ic lent  of  thru*!  due  to 
the  induced  wln^  velocity  AV,  cSdtrlbuted  by  the  rrcjpeller  ellpstreem, 
giving  an  increased  lift  effect,  With  engine*  off,  [f(C^  g)  .  q^l'^l.Of' 

and  equationa  6"?i7  to  6-221  twccete  force  and  mament  aquation*  «•  voui  J 
be  expected  far  jet  alrcraift.  G_  _  1*  «  '^a)  depondort 

on  wing  tilt  and  wing  flap  angleif^ 

1U2 


